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concert rat  Ion  levels  during  the  exposures  returned  to  normal  after  the  recovery  period. 

Various  biological  endpoints  were  examined  within  i-hr  after  the  last  exposure,  and 
for  selected  treatment  groups  after  a  14-day  recovery  period^Al though  some  statistically 
significant  effects  were  found  for  clinical  pathology,  most'of  these  were  biologically 
non-significant  due  to  their  absolute  value  being  within  or  close  to  the  published  normal 
ranges.  The  most  consistent  changes  were  decreases  for  BUN  and  cholesterol  levels  in 
rats  of  both  sexes  and  in  trigl icerides  for  female  rats  only,  with  the  latter  two  para¬ 
meters  showing  partial  recovery.  No  treatment-related  histopathological  changes  were 
found  in  any  tissue  outside  the  respiratory  tract  however. 

Examination  of  the  pulmonary  free  cells  collected  by  lung  lavage  (37-33%  were  alveolar 
macrophages)  showed  an  Increase  or  an  increasing  trend  in  total  numbers,  increased  cellular 
ATP  levels  and  decreased  ectoenzyme  activity  for  5 ‘nucleotidase  after  most  of  the  RP/BR 
exposures  of  both  sexes,  suggesting  Increased  energy  levels  and  potential  activation  for 
the  macrophages.  Protein  levels  in  the  lavage  fluid  were  elevated  after  the  high  doses. 
Pulmonary  bactericidal  activity  to  inhaled  pneumoniae  was  not  affected  by  the 

exposures  in  either  of  the  sexes.  Mild  to  moderate  terminal  broncheolar  fibrosis  was 
found  in  the  lungs  of  rats  of  both  sexes  exposed  to  the  medium  and  high  doses.  Except  for 
the  fibrosis  and  the  5* nucleotidase  activity  most  of  these  changes  were  reversible. 

Of  the  neurobehavioral  parameters  examined,  only  locomotor  activity  was 
significantly  affected  by  treatment  with  RP/BR  aerosols.  Male  rats  showed  increased  motor 
activity  at  all  concentrations  and  Incomplete  recovery  after  two  weeks  at  some  concentra¬ 
tions.  In  females  there  was  a  trend  toward  increased  activity  but  no  evidence  of  effects 
after  the  recovery  period.  None  of  the  other  behavioral  endpoints  were  altered  by  the 
exposures. 


Microneucleus  analysis  was  performed  on  bone  marrow  polychromatic  erythrocytes  and 
normachromatic  erythrocytes  and  on  circulating  red  blood  cells  of  female  rats  exposed  for 
two  of  four  weeks  and  after  a  two-week  recovery  following  four  weeks  of  exposures.  The 
results  showed  a  significant  clastogenic  response  in  both  bone  marrow  and  RBC  of  rats  that 
were  exposed  for  two  weeks  to  the  RP/BR  aerosol .  No  effects  were  found  after  four  weeks  of 
exposures  or  after  a  two-wcek  recovery  period  following  the  four  weeks  of  exposures 
suggesting  that  the  rats  recruit  biochemical  pathways  to  detoxify  and  clear  the  ger.otoxic 
fractions  and  an  adaptation  is  in  effect. 


EXECUTIVE  SUMMARY 


The  Phase  III  studies  were  designed  to  evaluate  the  Interactive 
effects  of  Inhalation  exposure  concentration,  duration  and 
frequency  to  select  the  most  sensitive  biologic  responses  for  the 
subsequent  subchronic  studies  of  Phase  IV.  Response  surface 
modeling,  a  statistical  approach  that  allowed  us  to  examine 
multiple  response  parameters  under  a  large  number  of  experimental 
conditions  and  to  select  the  most  appropriate  combinations  of  these 
factors  was  used  for  the  experimental  design.  The  experimental 
conditions  included  various  combinations  of  exposure 
concentrations,  durations  and  frequencies  used  over  a  four-week 
period.  The  biological  endpoints  tested  Immediately  after  the  last 
exposure  and  after  a  two-week  recovery  period  Included  pulmonary 
cellular  responses,  neurobehav loral  activity,  genetic  toxicology, 
clinical  and  morphological  pathology,  and  standard  toxicologic 
observations. 

The  Investigation  was  divided  Into  three  main  four-week  studies. 
The  first  defined  the  combinations  of  exposure  concentrations, 
durations  and  frequencies  that  produced  maximal  effects  In  the 
response  parameters.  Our  statistical  approach  made  It  possible  to 
work  with  a  low  subject  number  (n=4)  In  this  initial  study,  as 
necesltated  by  the  complex  experimental  design,  which  consisted  of 
four  concentrations  (0,  0.40,  0.75  and  1.00  mg/I),  two  durations  (1 
and  3.5  hr)  and  three  frequencies  (number  of  exposures  per  week). 
The  frequencies  examined  were  exposures  on  two  consecutive  days 
(FI),  four  consecutive  days  (F2),  or  two  days  separated  by  two  days 
of  rest  (F3).  Maximally  stressed  controls  Inhaling  filtered  air 
for  3.5  hr/day  on  four  consecutive  days/week  were  used  with  all 
exposure  combinations.  The  endpoint  assays  were  conducted 
Immediately  after  the  last  exposure  and  for  high  dose  and  control, 
cne  frequency  (F2)  and  one  duration  (3.5  hr)  also  after  a  two-week 
recovery  period.  Thus  animals  exposed  to  the  most  stressful 
conditions  were  used  In  the  recovery  study. 

The  sample  size  of  four  Is  adequate  for  tests  of  main  effects  and 
two-way  (but  not  four-way)  ’nteractlons  and  the  study  yields  more 
than  adequate  statistical  power  for  an  Initial  characterization  of 
the  response  surface.  The  results  of  this  first  study  showed 
relatively  few  compound-re  1 xted-ef fects  and  those  that  were 
observed  generally  also  exhibited  complete  recovery.  In  general, 
when  statistically  significant  Interactions  did  occur,  main  effects 
were  absent,  and  strong  main  effects  only  occurred  for  parameters 
which  did  not  have  Interactions  Indicating  that  these  observations 
were  spurious.  Thus  It  could  be  concluded  that  duration  and 
frequency  did  not  produce  major  changes  In  the  effects  of  exposure 
concentr at  I  on. 

Based  on  these  results  more  specific  conditions  with  Increased 
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sample  size  were  selected  for  the  subsequent  studies.  In  the 
second  and  third  extended  studies  with  male  and  female  rats 
respectively  more  detailed  examination  of  dose  response  relations 
were  made  for  a  single  duration  and  frequency  combination.  Since 
the  outcome  of  the  first  study  showed  that  frequency  and  duration 
did  not  affect  results  si gn I f leant  I y ,  exposure  on  four  consecutive 
days  per  week  (F2)  was  selected  to  explore  the  "worst  case" 
situation  and  2.25  hr,  the  logarithmic  mean  between  the  previously 
tested  1  and  3.5  hr  was  chosen  as  the  single  duration.  The  RP/BR 
exposure  concentrations  of  0.75,  1.00  and  1.20  mg/ I  were  used  In 
the  study  with  male  rats  and  this  range  was  lowered  to  0.40,  0.75 
and  1.0  mg/I  for  the  study  with  female  rats.  The  sample  sl2e  was 
Increased  to  n*15  allowing  direct  estimates  of  the  recovery  effect 
(l.e.  concentration  by  recovery  Interaction)  and  also  to  obtain 
multivariate.  In  addition  to  the  previously  reported  univariate, 
test  statistics. 

Aerosol  exposure  monitoring  data  demonstrate  that  the  target 
concentrations  were  well  maintained  at  each  exposure  level 
throughout  the  three  studies.  Mean  RP/BR  mass  concentrations  were 
consistently  within  4%  of  the  target  values  with  standard 
deviations  of  the  dally  means  below  +  8% •  The  mean  particle  size 
data  ranging  from  0.44  to  0.64  urn  wltho'gs  from  1.66  to  1.97 
Indicate  excellent  aerosol  stability  throughout  the  exposures. 
Total  phosphorous  acid  levels  ranged  from  61  to  7  4% . 

Wheezing  and  labored  breathing  observed  In  male  rats  exposed  to  the 
high  doses,  decreased  body  weights,  body  weight  gains  and  reduced 
food  consumption  seen  In  male  rats  at  all  concentration  returned  to 
normal  after  the  recovery  period.  Although  an  overall  mortality  of 
12.1%  was  observed  In  male  rats  exposed  to  the  high  dose,  this  was 
due  to  a  concentration  overrun  In  one  of  the  chambers  on  the  first 
day.  The  5.2%  value  observed  In  a  second  chamber  reflects  the 
effect  of  the  exposure  more  realistically.  In  female  rats  only  a 
single  death  was  observed  during  the  entire  study  and  this  0.8% 
mortality  occurred  In  the  medium  (0.75  mg/I)  dose. 

While  some  statistically  significant  effects  were  found  for 
Individual  response  parameters  In  clinical  pathology,  most  of  these 
were  Judged  to  be  biologically  nonsignificant  due  to  their  absolute 
value  being  within  or  close  to  the  published  normal  range  for  the 
particular  parameter  measured.  The  most  consistent  changes  were 
decreases  for  BUN  and  cholesterol  levels  In  rats  of  both  sexes  and 
In  triglycerides  for  female  rats  only,  with  the  latter  two 
parameters  showing  partial  recovery.  No  treatment-related 
hi s topathol og I ca I  changes  were  found  In  any  tissue  outside  the 
respiratory  tract  however. 

Of  the  neurobehav (oral  parameters,  locomotor  activity  was 
significantly  affected.  Male  rats  showed  Increased  motor  activity 
at  ail  concentrations  and  Incomplete  recovery  after  two  weeks  at 


some  concentrations.  In  females  t iere  was  a  trend  toward  Increased 
activity  but  no  evidence  of  effects  after  the  recovery  period. 
None  of  the  other  behavioral  endpoints  were  altered  by  the 
exposures  In  a  consistent  fashion. 

A  ml cronucleus  analysis  performed  on  bone  marrow  polychromatic 
erythrocytes  and  normachromatl c  erythrocytes  and  on  circulating  red 
blood  cells  of  female  rats  exposed  for  two  or  four  weeks  to  1.0 
mg/I  of  RP/BR  showe<.  significant  cla^togenlc  responses  In  both  bone 
marrow  and  RBC's  of  rats  after  two  but  not  after  four  weeks  of 
exposures  or  after  a  two-week  recovery  period  following  the  four- 
week  exposures.  These  results  suggest  that  RP/BR  aerosol  Is  a  weak 
clastogen  for  female  Spr ague-Daw  I ey  rats  and,  furthermore,  that  tho 
animals  recruit  biochemical  pathways  to  detoxify  and  clear  the 
genotoxlc  fractions  and  that  under  the  exposure  regimen  used,  an 
adaptation  Is  In  effect. 

Evaluation  of  the  pulmonary  response  data  showed  that  1q 
bactericidal  activity  of  alveolar  macrophages  (AM)  to  inhaled 
L35JS-l£j.  pneumon  >  ae  and  the  percentage  of  macrophages  In  the 
cellular  lavage  were  not  affected  by  the  exposures  In  either  of  the 
sexes  and  In  v I tro  phagocytosis  was  unchanged  In  AM  of  female  rats. 
Total  cell  counts  were  significantly  Increased  In  the  pulmonary 
lavage  from  female  rats  Immediately  after  exposure  to  0.75  or  1.0 
mg/I.  Since  differential  counts  remained  unchanged  and  97  to  99J 
of  the  cells  were  macrophages,  this  Indicates  an  Increased  number 
of  AM  in  the  iungs  following  exposures.  After  the  recovery  period 
the  counts  were  no  longer  different  from  controls. 

Only  part  of  the  significant  Increases  In  cellular  ATP  levels  of 
male  and  female  rats  found  after  the  last  exposure  remained 
elevated  after  recovery.  The  general  Increase  In  cellular  ATP 
levels  Indicates  an  Increased  energy  supply  that  may  have  been 
responsible  for  the  unimpaired  phagocytic  and  bactericidal  activity 
observed.  The  most  consistent  finding  In  AM  from  all  treatment 
groups  was  decreased  activity  of  the  plasma  membrane-associated 
ectoenzyme  5 • nuc I eot I dase  <5'-ND). 

A  significant  Increase  In  the  protein  level  of  the  pulmonary  lavage 
fluid  of  rats  of  both  sexes  after  exposures  to  the  high  doses. 
Indicating  pulmonary  capillary  fragility,  exhibited  complete 
recovery  In  males. 

No  treatment-related  histopathologic  changes  were  seen  In  tissue 
outside  the  respiratory  tract  In  any  of  the  studies.  The  primary 
lesion  In  the  lung,  was  terminal  bronchlolar  fibrosis.  When  male 
rats  were  exposed  to  0.75,  1.0  or  £1.2  mg/I  and  female  rats  inhaled 
0.4,  0.75,  or  1,0  mg/ I  of  RP/BR  aerosols  for  2.25  hr  per  day,  on 
four  consecutive  days  per  week  for  four  weeks,  al I  except  those 
exposed  to  0.4  mg/  had  terminal  bronchlolar  fibrosis.  The  lesion 
Increased  In  Incidence  and  severity  with  Increased  concentrations 
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and  length  of  exposure  and  did  not  exhibit  recovery.  The  use  of 
Masson’s  trlchrome  stain  confirmed  that  part,  but  not  all,  of  the 
changes  was  due  to  fibrosis  *  the  formation  of  new  collagen  fibers 
In  excess  of  what  would  normally  be  present. 

In  order  to  choose  the  most  appropriate  animals  for  the  upcoming 
subchronic  exposures,  a  comparison  study  was  conducted  between  rats 
from  the  Madison,  Wl  and  Indianapolis,  IN  breeding  colonies  of 
Har I an-Sprague-Daw I ey ,  Inc.  Based  on  the  observations  made  In  this 
study  and  the  advisability  of  working  with  PVM-free  animals  In 
Inhalation  exposures  the  rats  from  the  Indianapolis  breeding  colony 
were  selected  for  the  subchronic  exposures. 
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FOREWORD 


This  report,  IITRI  No.  106139,  Phase  III  Report  describes  studies 
conducted  by  the  Life  Sciences  Department,  I  I T  Research  Institute 
for  the  Health  Effects  Research  Division,  U. S.  Army  Medical 
Bioengineering  Research  and  Development  Laboratory  during  the 
period  of  August  1983  through  July  1984.  The  studies  were  carried 
out  under  Contract  No.  DA  M0 17-62 -C- 2121. 

Catherine  Aranyl  served  as  Principal  Investigator  and  Study 
Director  and  James  Fenters  was  Co- 1 nvest I  gator  In  charge  of 
administrative  matters.  Stanley  Vana  was  responsible  for  the 
Inhalation  exposure  facilities  and  the  aerosol  generation  and 
monitoring  throughout  the  studies.  Jeannle  Bradof  and  Marianna 
Furedl  respectively,  were  In  charge  of  the  experiments  for  the 
pulmonary  and  standard  toxicology  endpoints  and  for  general 
toxicologic  observations.  Necropsy  procedures,  tissue  collection 
and  preparation  for  histopathologic  evaluation  were  under  the 
supervision  of  Vladislava  Rac  and  Carol  Thompson.  Barry  Levine  was 
In  charge  of  clinical  pathology.  The  experiments  for  the 
neurobehav I  ora  I  and  genetic  toxicology  endpoints  were  designed  and 
conducted  by  Maurlene  Preache  and  Robert  Guerrero,  respectively. 
Robert  Gibbons,  Consultant  Bl ostat I st I c I  an  was  responsible  for 
statistical  analysis  of  the  experimental  data.  Histopathologic 
evaluation  of  the  collected  tissue  samples  was  performed  by  W.  P. 
Iverson,  Consultant  Pathologist  from  Experimental  Pathology 
Laboratories,  Inc.,  Herndon,  VA. 

Animal  experiments  were  conducted  according  to  the  "Guide  for  the 
Care  and  Use  of  Laboratory  Animals"  (1978),  DHEW  Publlctlon  No. 
(NIH)  78-23  prepared  by  the  Committee  on  Care  and  Use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Animal  Resources,  National 
Research  Council;  regulations  and  standards  of  the  Department  of 
Agriculture  and  Public  Law  91-579,  "Laboratory  Animal  Welfare  Act" 
(1970). 

Citation  of  commercial  organizations  and  trade  names  In  this  report 
does  not  constitute  an  official  Department  of  the  Army  endorsement 
or  approval  of  the  products  or  services  of  these  organizations. 
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1  •  INTRODUCTION 


As  part  of  an  overal I  concern  for  personnel  health  and  safety*  the 
U.S.  Army  Medical  Research  and  Development  Command  is  seeking  to 
evaluate  the  effects  produced  by  inhalation  of  combustion  products 
from  red  phosphorus/butyl  rubber  used  as  an  obscurant  smoke  for 
troops  and  vehicles  In  tactical  and  training  environments. 
Laboratory  rats*  exposed  In  chambers*  are  being  used  to  provide  a 
comprehensive  definition  of  the  biologic  effects  of  red  phosphorus 
smoke  to  mammalian  systems  under  conditions  which  approximate  the 
potential  troop  exposure.  The  approach  to  this  research  Includes 
range  finding  acute  studies  to  determine  lethal  concentrations  and 
Influence  of  exposure  duration  on  mortality;  repeated  exposure 
studies  to  define  t Ime-concentrat I  on  relationships  as  well  as 
threshold  levels*  healing*  and  adaptation  in  biologic  reactions; 
and  a  subchronic  exposure  study  with  a  recovery  and  observation 
period  after  the  experimental  exposure.  The  principal  biologic 
response  criteria  to  be  monitored  Include  overt  toxic  signs* 
clinical  and  morphological  pathology*  pulmonary  bactericidal 
activity*  examination  of  pulmonary  free  cells*  lavage  content  and 
alveolar  macrophage  function*  neurobehavloral  activity  and  genetic 
toxicology.  The  Phase  III  Intermediate  term  exposure  studies  have 
been  designed  to  define  the  Interactive  effects  of  the  exposure 
concentration*  duration  and  frequency  conditions  and  to  select  the 
most  sensitive  biologic  response  parameters  for  the  subsequent 
subchronic  studies  of  Phase  IV. 


2.  MATERIALS  AND  METHODS 

2.1.  AtiiU&ki 

Male  and  female  Sprague-Daw ley  rats*  3  to  4  weeks-old  were  obtained 
from  Hart an/Spr ague-Daw ley*  lnc.»  Madison*  Nl  for  all  studies.  In 
addition*  male  rats  used  for  comparison  studies  SN79-SC  and 
SN79-SC-2  were  also  obtained  from  the  supplier's  Indianapolis*  IN 
breed  I  ng  f  ac  1 1 1  ty . 

The  animals  were  observed  dally  during  a  J4-day  quarantine  period. 
Prior  to  assignment  to  treatment  groups  ell  rats  were  subjected  to 
physical  examination*  Nasal  swabs*  tracheal  aspirates*  lung 
homogenates  and  Intestinal  tract  materials  were  examined  for 
pathogenic  bacteria*  molds*  yeasts*  Mycoplasma  and  endoparasltes. 
Serum  samples  from  ten  rats  were  sent  to  Microbiological 
Associates*  Bethesda*  MD*  to  assay  for  vlrologlc  antibody  titers 
for  Kllham  rat  virus  (KRV)«  Toolen  H-1,  Pneumonia  virus  of  mice 
(PVM) ,  Sendai*  Rat  coronavlrus  (RCV)  and  S  I  al  odacryoaden  1 1 1  s  virus 
(SDA).  All  findings  were  negative  except  for  positive  antibody 
titers  to  PVM  for  the  rats  from  the  Madison,  #1  breeding  colony. 

The  rats  were  housed  Individually  In  stainless  steel  Inhalation 
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cage  compartments  measuring  18.4  x  16.5  x  15.9  cm.  Twenty  four 
cage  units  each  containing  four  compartments#  were  attached  to  each 
rack  housing  a  total  of  96  rats.  When  attached  to  the  racks  the 
cages  were  equipped  with  an  automatic  drinking  water  distribution 
system  and  were  suspended  over  excrement  pans.  For  exposure  the 
cages  were  removed  from  the  racks  and  the  rats  were  moved  In  their 
cages  Into  the  Inhalation  chambers.  The  animals  were  transferred 
weekly  to  clean  cages  and  deotfzed  absorbing  cage  boards  pieced  on 
the  excrement  pans  were  changed  three  times  per  week. 


The  animal  rooms  were  maintained  on  12  hr- I Ight/dark  cycle. 
Temperature  and  percent  relative  hum!dlty  (RH)  were  regulated  in 
such  a  manner  that  extreme  fluctuations  between  the  animal  room  and 
exposure  chamber  conditions  would  be  avoided.  Pur Ina  Certified 
Rodent  Chow  5002  and  water  was  available  to  the  rats  ail  LlLlimn 
except  during  the  exposures. 


Animals  were  randomized  to  treatment  groups  using 
random  process#  stratified  by  weight#  such  that 
comparable  In  pretest  body  weight#  but  assignment 
animals  to  groups  was  random.  Each  test  animal  was 
a  unique  number  by  an  ear  tag. 


a  constrained 
al I  groups  were 
of  Individual 
Identified  with 


2.2.  GENERATION  MONITORING  Q£  ItiL  lNtiALMiGN 

chamber  AIMQSEHERE 

2.2.1.  Bad.  EhttsjJittru  s/  Buiy.1  BuAk&L  IBP/ B El 

The  fast  article  RP/BR  softened  with  hexane  and  prepackaged  In  0.75 
In-dlameter  and  4.5  In-long  stainless  steel  feed  cylinders 
(billets)  with  end  caps  was  supplied  by  the  Sponsor  through  Oak 
Ridge  National  Laboratories  (ORNL)  and  was  stored  at  ambient 
temperature.  A  record  of  the  test  article  was  maintained  which 
Included  date  of  receipt  with  Identification  numbers  of  each 
cylinder  and  the  date  and  study  number  for  which  It  was  used. 


2.2.2.  InhaJ fltlQD.  knjifiiUELft  LacJ-iily. 

The  facility  consisted  of  Inhalation  exposure  chambers  equipped 
with  air  flow  and  differential  pressure  controls;  conditioned  olr 
supply  and  chambor  air  exhaust  systems;  red  phosphorus/butyl 
rubber  extrusion-combustion  generators  and  various  aerosol 
monitoring  systems. 

Supply  air  to  the  Inhalation  exposure  laboratory  was  preconditioned 
by  passing  through  prefilters,  charcoal  filters  and  an  air 
conditioning  unit.  Automatically  controlled  heating  and 
humidifying  units  built  Into  the  supply  air  system  maintained  the 
air  temperature  and  RH  at  the  specified  ranges  of  24  to  27  C  and 
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40  to  60  percent  respectively*  Prior  to  entering  the  exposure 
chamoers  the  conditioned  air  was  further  filtered  through  a 
fiberglass  coarse  filter*  a  charcoal  bed  and  HEPA  filter. 

The  combined  exhaust  air  from  the  exposure  chambers  was  filtered 
through  a  single-housing*  30-element  coalescent  filter  and 
exhausted  above  the  roof  of  the  building.  To  prevent  acid 
corrosion  the  filter  housing  was  built  of  polyvinyl  chloride.  The 
control  chamber  exhaust  was  Independent  from  that  of  the 
experimental  test  chambers  to  avoid  potential  contamination  from 
the  RP/BR  aerosol.  The  negative  pressure  and  airflow  rate  In  the 
chambers  and  exhaust  filter  loading  were  monitored  by  differential 
pressure  gauges. 

The  aerosol  was  generated  by  specially  designed  hydraulic 
extrustlon-combust Ion  generators  provided  by  the  Sponsor  through 
ORNL .  The  generator  operates  by  exerting  hydraulic  pressure  on  the 
RP/BR  forcing  It  to  extrude  from  an  orifice  Into  a  burn  chamber 
where  It  Is  Ignited.  The  aerosol  generated  from  the  combustion 
products  Is  transported  directly  into  the  exposure  chamber  Inlet 
port.  At  a  constant  chamber  airflow  rate  the  concentration  of  the 
aerosol  Is  a  function  of  the  extrusion  rate  of  the  RP/BR  which  Is 
controlled  by  a  precision  hydraulic  metering  pump. 

The  rats  were  exposed  to  the  test  atmosphere  In  seven  Identical 
1-m3-slzed  stainless  steel  Inhalation  chambers  operating  at  an 
airflow  rate  of  500  l/mln.  Five  RP/BR  aerosol  exposure  chambers 
and  two  filtered  air  control  chambers  were  located  In  separate 
rooms.  (The  Inhalation  exposure  facilities  and  aerosol  monitoring 
methods  have  been  described  In  detail  In  the  Phase  I  Report  of 
these  stud  les ) . 


2.2.3.  AflLftifil  ttaallcxiaa 

The  RP/BR  aerosol  was  monitored  within  each  exposure  chamber  for 
mass  concentration  by  gravimetric  filter  collection  twice  during 
the  1-hr  and  three  times  during  the  2.25-  and  3.5-hr  exposure 
durations.  In  addition*  mass  concentration  was  monitored  with 
light  scattering  photosensors  and  amplifier  signal  output 
continuously  recorded.  An  Integrated  average  of  the  photosensor 
reading  was  recorded  simultaneously  with  the  gravimetric  filter 
sample  collection.  Aerosol  pnrtlcle  size  was  determined  with  a 
Quartz  Crystal  Microbe  I ance-based  cascade  Impactor.  The  particle 
size  was  monitored  In  each  chamber  once  on  each  exposure  day. 
Determination  of  total  phosphorus  was  conducted  by 
spectrophotometr Ic  analysts  of  the  solubilized  filter-collected 
samples  on  one  filter  sample  per  chamber  per  exposure  week.  All 
collected  filters  were  recorded  and  stored  In  sealed  containers 
until  submitted  for  chemical  analysis.  Oxygen  levels  In  the 
chambers  were  checked  dally  during  each  experiment  and  were 
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consistently  21  percent. 


2.3.  aifiififijm  mEfim  Aiim 

In  the  following  sections  the  exper I  men tel  methodology  Is  described 
for  ell  asseys.  Information  on  the  number  of  rats  used  for  each 
assay  Is  provided  In  the  subsequent  section  on  "Exper Imenta I 
Des Ign". 


2.3.1.  Pu Imonary  Response  Parameters 

2. 3. 1.1.  Pulmonary  Bactericidal  Activity  to  C35}$-1L».  (UiftUJncalflfl. 

Aerosols  of  C 3 5]S — pneumon | ae  disseminated  with  a  Retec  X-70 
disposable  nebulizer  were  used  for  the  bactericidal  activity  apsay# 
using  a  method  previously  described  for  mice  (Aranyl  et  el.'#  J. 
Toxicol.  and  Environ.  Health  12*  55#  1983)  and  adapted  for  rats. 
Radiolabeled  pneumoniae  were  grown  tn  a  medium  In  which  the 
sulfate  requirement  of  the  bacteria  was  provided  by  C35$3sodlum 
sulfate.  Before  aerosol Izatlon#  the  bacteria  were  washed 
repeatedly  and  centrifuged  for  removal  of  unattached  radiolabel. 
Bacterial  counts  were  determined  in  a  Petrof f-Hausser  counting 
chamber  by  dark-field  microscopy  and  by  the  culture  plate 
technique.  Radioactive  counts  were  measured  In  a  Mark  III  Liquid 
Scintillation  System  (Trecor  Inc.). 

The  radioactive  bacterial  aerosol  exposure  chamber  Installed  In  a 
glove  box  consisted  of  an  87-1  Iter  main  compartment  (adequate  for 
exposure  of  30  rats)  that  was  accessible  through  appropriate 
airlocks  through  which  the  animals  were  moved.  An  additional  small 
airlock  provided  entry  Into  the  glove  box  for  the  nebulizers  and 
Imptngers.  To  prevent  radioactive  and  pathogenic  exposure  hazard 
to  laboratory  personnel#  all  air  exhausted  from  the  chamber  was 
passed  first  through  an  absolute  filter  placed  within  the  glove  box 
and  subsequently  through  a  HEPA  filter  located  or  the  outside. 

Pulmonary  bactericidal  activity  was  determined  In  the  lungs  of  the 
Individual  animals  from  both  exposed  and  control  groups  that 
simultaneously  Inhaled  aerosols  of  the  viable  radiolabeled 
bacteria.  The  ratio  of  the  viable  bacterial  counts  to  the 
radioactive  counts  in  each  animal's  lungs  provided  the  rate  at 
which  bacteria  were  destroyed  3  hr  after  Infection.  Thus# 


R3 

1  Bactericidal  activity  *  (1-  -----  )  100 


where  Rj  |s  the  ratio  of  bacterial  to  radioactive  counts  In  the 
lungs  of  Individual  rats  at  3  hr#  and  Kq  |$  an  average 
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determined  from  the  same  ratios  In  the  lungs  of  rats  hilled 
Immediately  after  Inhaling  the  bacteria. 


2. 3. 1.2.  Pulmonary  Free  Cells  and  Lavage  Fluid 

Within  4  hr  or  14  days  after  the  lest  exposure*  alveolar 
macrophages  (AM)  were  obtained  by  tracheobronchial  lavage.  The 
rats  were  weighed*  killed  with  an  overdose  of  sodium  pentobarbital 
by  Intraper ttoneal  Injection*  and  the  lungs  were  lavaged  through  a 
blunted  18  g  needle  Inserted  Into  an  Incision  In  the  trachea  with 
nine  consecutive  6-ml  Infusions  of  warm  saline.  The  AM  were 
collected  from  the  lavage  fluids  by  centrifugation  and  resuspended 
In  Hanks'  balanced  salt  solution  (HBSS).  The  supernantant  was 
saved  for  lavage  f lu Id-prote In  determination. 


Call  Counts .  Total  cell  counts  were  made  In  a 
hemocy tometer .  For  determination  of  the  cellular 
distribution  (t.e.*  percent  of  AM* 
polymorphonuclear  leukocytes  and  lymphocytes)* 
differential  counts  were  made  on  cytocentr 1 f uge 
preparations  of  cells  fixed  In  methanol  and 
stained  with  Wright's  stain. 

talluJ-AL  AdAOfi&lafi  tdftJifl&ahfltft  Ltltl  iaiaia  "ere 
determined  as  previously  described  (Aranyl  ai  ai» 
ASTM  STP  732,  0.  D.  Dunnom,  ed.*  Am.  Soc.  for 
Testing  and  Materials*  1981*  pp.  48-61)*  using  a 
DuPont  760  Luminescence  Blometer  with  the 
procedure  recommended  fcr  the  Instrument.  The 
assay  Is  based  on  the  principle  that  when  a 
microsample  containing  ATP  Is  Injected  Into  a 
suitably  buffered  reaction  mixture  of  luclferase 
and  luclferln*  the  peak  Intensity  of  the  resulting 
light  flash  Is  directly  proportional  to  the 
concentration  of  ATP.  ATP  was  extracted  from 
aliquots  of  the  cell  suspension  cells  by  dimethyl 
sulfoxide  (DM$0).  The  DMSO  extracts  were  diluted 
with  a  specially  prepared  0.01  M  morpho I  I  nopropane 
sulfonic  acid  (MOPS)  buffer  to  overcome  the  quench 
effect  of  the  high  concentration  of  DMSO  In  the 
aqueous  extract  for  the  I uc I f erase- I uc  I  fer  I n 
reaction  * 

Phagocytosis.  An  Jji  phagocytosis  assay 

wblch  measures  the  ability  of  rat  AM  to  engulf 
Cr-labeled  chicken  red  blood  cells 
(*'CR-CRBC)  was  used  (Smlalowltz  ai  ai#  Environ. 
Res*  11*  413*  1984).  AM  lavaged  from  the  lungs 
of  exposed  or  control  rats  were  adjusted  to 
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1x10®  AM/ml  In  media  containing  the  maximum 
subagglutinating  dilution  of  antl-CRBC  antiserum 
and  three  0*5  ml  samples  were  placed  In  12x75  mm 
sterile  polypropylene  tubes.  5'Cr-CRBC  at  e 
I0t1  of  CRBC  to  AM  ratio  are  added  In  50  pi 
volumes  to  each  tube.  The  assay  tubes  were  placed 
In  carrier  tubes  to  guard  against  possible 
radioactive  leakage  and  Incubated  for  1  hr  on  a 
tube  rotator  In  a  37°C  CO-  Incubator.  After 
Incubation#  jthe  tubes  were  centrifuged  and 

spontaneous  release  counts  were  made  on  the 
collected  supernatants*  The  pellets  were  then 
resuspended  lg  lysing  buffer  to  lyse  any 
nonengulfed  5'Cr-CRBC.  The  celt  suspensions 
were  centrifuged  one  more  time#  the  supernatants 
discarded*  and  the  AM-assoc  1  ated  51Cr-CRBC  were 
counted  In  the  pellets  In  a  gamma  counter. 

Iftial  cal  lu lar  prfllfllQ «  For  determination  of 
total  cellular  protein  content#  aliquots  of  the 
cell  suspensions  were  treated  with  1  percent 
sodium  deoxycholate  (SOC)  and  assayed  by  the  Lowry 
method  (Lowry  at  fll,  J.  Biol.  Chem.  121.  265* 

1951) . 

Lavage  t lu lg  proteins.  Lavage  fluids  were  assayed 
for  protein  with  the  Lowry  method  without  SDC 
treatment . 

LctQftPzyma  Activity.  Alveolar  macrophage  plasma 
membrane  ectoenzyme  activities  were  determl ned .on 
aliquots  of  AM  lysates.  Approximately  2.5x10° 

AM  per  rat  were  lysed  In  0.05  percent  Triton  X-100 
and  frozen  unt 1 1  use. 

LftucJ.oa  AOiafiBaaiJUU&A  1LAE1  activity  was 
determined  according  to  the  method  of  Morahan 
(Morahan*  la  Methods  for  studying  mononuclear 
phagocytes*  Academic  Press*  1961*  pp. 
473-476).  The  AM  lysate  was  placed  In  pH  7.5 
phosphate  buffer  and  Incubated  for  15  min  at 
37°C  with  10  mM  leucine  p-nltroanll Ide 
substrate.  The  amount  of  p-n I troan I  1 1 ne 
released  was  measured  at  405  niti  with  a 
spectrophotometer • 

AlLflllafl  abfi&aiifiiLLA&lAEa&fl  IARBlII.  An 
aliquot  of  AM  lysate  was  mixed  with 

Sorenson's  glycine  II  Buffer  (pH  9.6)  and 
Incubated  30  min  at  37°C  with  1.5  mM 
thym I d I ne-5 '-phosphate-p-n I tropheno  I  to 
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measure  APD1  activity  according  to  the  method 
of  Edelson  and  Gass  (Edalson  and  Gass*  in 
Methods  for  studying  mononuclear  phagocytes* 

Academic  Press*  1981*  pp.  469-472).  The 
release  of  p-n I tropheno I  by  APD1  was 
quantitated  by  measuring  optical  density  at 
400  nm  In  a  spectrophotometer. 

Si-Nuc I «ot idase  ( 51-N)  activity  was  measured 
according  to  the  procedure  of  Edelson  and 
Duncan  (Edelson  and  Duncan*  in  Methods  tor 
studying  mononuclear  phagocytes*  Academic 
Press*  1961*  pp.  473-476).  The  AM  lysate 
was  mixed  with  pH  9.0  Trls-HCI  buffer  and 
Incubated  with  25  nCI  5  *C3H>AMP/m  1 ,  0.15 

mM  5’»AMP  and  6  mM  p-nltropheny Iphosphate  for 
30  minutes  at  37°C*  The  amount  of 
trltlated  5'-AMP  hydrolyzed  was  measured  with 
a  liquid  scintillation  counter. 

For  calculations  of  ectoenzyme  activities  the 
protein  concentration  of  each  AM  lysate  was 
determined  according  to  the  method  of  Bradford 
(Edelson  and  Duncan*  la  Methods  for  studying 
mononuclear  phagocytes*  Academic  Press*  1961*  pp. 

339-343).  Dilutions  of  AM  lysates  were  mixed  with 
Bio-Rad  Protein  Assay  Dye  Reagent  and  the  optical 
density  read  at  595  nm  In  a  spectrophotometer. 

Protein  concentrations  of  AM  lysates  were  obtained 
by  comparing  O.D.  values  with  samples  of  known 
protein  concentration  using  reverse  linear 
regression . 

Expression  of  datat  Bactericidal  activity  was  expressed  as  the 
percent  of  Inhaled  C35j$-&j*  oaouiDftalAft  killed  In  the  lungs  3  hr 
after  challenge  i%  BC).  Total  cells  counts  were  expressed  as 
number  of  cells  x  10°  per  rat  or  as  total  cells  x  103  per  g 
body  weight  (Totcell/g  BW) .  The  relative  macrophage  portion  of  the 
differential  cell  counts  was  expressed  as  t  macrophages*  cellular 
protein  content  was  reported  as  ug  protein-  per  I03  cells. 
Cellular  ATP  content  was  expressed  as  ATPfgxIO0  per  103  cells 
and  as  ATPfgxIO0  per  ug  protein.  Phagocytosis  of  51Cr-CRBC 
was  reported  as  the  mean  radioactive  count  (CPM).  Lavage  fluid 
protein  was  expressed  as  total  g  protein  recovered  per  g  body 
weight.  The  specific  activity  of  each  of  the  ectoenzymes  (LAP* 
APD1  and  5'-N)  was  expressed  as  units  of  specific  activity  (SA) 
where  SA-nmoles  substrate  hydro  I yzed/m I n/mg  protein.  Because  of 
the  programming  limitations  of  the  computer-generated  tables  used 
In  the  "Results"  and  "Appendix  A"  sections  the  abbreviations  used 
to  Identify  each  assay  and  the  mode  In  which  the  data  are  expressed 
are  summarized  In  Table  1  for  the  pulmonary  response  parameters. 
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2.3.2.  £±AJ14al4 

2. 3. 2.1.  Mortality*  Clinical  Observations*  Body  Weights  and 
Food  Consumption 

All  animals  were  observed  daily  In  the  morning  for  survival, 
physical  appearance*  behavior  and  any  pharmacologic  and/or 
toxicologic  signs.  All  observations  were  recorded  on  an  Individual 
test  animal  basis.  In  addition  afternoon  survival  checks  were 
performed • 

Each  animal  was  weighed  using  a  Mettler  PE  1600  balance  with  a 
special  animal  weighing  mode  at  the  time  of  test  animal  selection* 
at  the  Initiation  of  the  study,  weekly  thereafter  and  prior  to  the 
last  exposure.  For  the  rats  designated  for  recovery  the  body 
weights  were  recorded  at  the  aforement toned  time  points  and 
continued  weekly  until  termination.  ) 

Average  food  consumption  (FC)  was  measured  Indlvidualy  for  a  24  hr 
period  for  the  rats  designated  for  recovery  prior  to  the  last 
exposure  (FCI)and  again  at  the  end  of  recovery  (FC2). 


2.3. 2. 2.  Clinical  Pathology 

Blood  samples  were  collected  from  the  abdominal  aorta  prior  to 
necropsy  for  determination  of  the  hematology  and  clinical  chemistry 
parameters  listed  In  the  following  sections.  The  various  methods 
of  analysis  are  Indicated  with  associated  references  where 
appropriate.  The  mode  of  expressing  the  data  Is  shown  in 
parenthes  I  s . 


2. 3. 2. 2.1.  Hematology 
Coulter  Counter  Model  S  System: 

Hematocr It  ( HCT  %  rbc)  Indirect  method;  calculated  value  based 

on  erythrocyte  count  and  mean  corpuscular  volume 

Hemog I ob I n  ( HGB  g/d I )  Cyenmethemog I  oh i n  method 

Mean  Corpu  scu I ar  Volume  (MCV  urn5)*  Electronic  Sizing 

Procedure 

Mean  porpuscu I ar  Hemog I obin :  (MCH  pg)  Indirect  method; 

calculated  value  based  on  erythrocyte  count  and  hemoglobin 
Mean  Corpuscuiar  Hemog  Lob  1 n  Concentr at  1  on  (MCH  g/d  I )  Indirect 
method;  calculeted  value  based  on  hematocrit  and  hemoglobin 
Erythrocyte  Count  ( RBCxI  Ob/mnr  >  Electronic  Counting 
Procedure 

Leukocyte  Count  ( WBCxI  oVranr)  Electronic  Counting  Procedure 
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Direct  Microscopic  Count: 


Leukocyte  Differential  Count:  Immature  Neutrophils  (IM  NEU 

%*bc ) ,  Mature  Neutrophils  (M  NEU  be).  Monocytes  (MON  *wbc), 
Lymphocytes  (LYMPH  %  wbc),  Eosinophils  (EOS  %  wbc).  "right 
stain  procedure:  (Schalm  #1  Al*  Veterlnr^y  Hematology*  Color 

Plates  Chapter*  3rd  Edition*  Lea  and  Feblg'  *  1975) 

Nuc leeted  RBC  »s  (NRBCs/100  NBC)  Wright  stain  procedure: 
(Schalm  ftl  ajL,  Veterinary  Hematology*  Color  Plates  Chapter*  3rd 
Edition*  Lea  and  Feblger,  1975) 

Platelet  Count  (PLTxtoVmav5 )  Direct  Method  (Schalm  At  Al* 
Veterinary  Hematology*  p.  69*  3rd  Edition,  Lea  and  Feblger* 
1 97  5 ) 


2. 3. 2. 2. 2.  Clinical  Chemistry 

/ 

Centrlf Ichem  Centrifugal  Analyzer  System: 

Glucose;  (GLU  mg/dl),  Hexoklnase  method  (Neeley*  Clin.  Chem. 
JLS,#  509#  1  97  2  # ) 

Urea  Nitrogen;  (BUN  g/dl)  Modified  urease  technique  (Karmen, 
J.  Clin.  Chem.  14.*  131,  1  955.) 

Alanine  aminotransferase:  (ALT  IU/1),  Modified  Wroblewskl  and 
LaDue  technique  (Henry  #1  Hi.*  Am.  J.  Clin.  Path.  14,  381* 
1960.) 

Tr lg I ycer Idas :  (TRIG  mg/dl)  Tetrazollum  salt  reduction  method 
(Klotzsch  fl±  al.  Advances  In  Automated  Analysis  Vol.  1*  Med  lad 
Inc.,  Tarrytown,  N.Y.  p.  Ill,  1973.) 

Total  Protein:  (T  PRO  g/dl)  Biuret  technique  (Falling  at  Al* 
Am.  J.  Clin.  Path,  H,  83,  I960.) 

Albumin;  (ALB  g/dl),  Bromocresol  green  method  (Rodkey,  Clin. 
Chem.  11,  478,  1965.) 

G|qbu I  In :  (GLOB  g/dl)  calculated  value  as  T  PROT  minus  ALB. 

A  I bumln/G lobu I  In  ratio;  (ALB/GLOB)  calculated  value 
Cholesterol ;  (CHOL  mg/dl)  Cholesterol  esterase  cholesterol 
oxidase  method  Roeschlou  at  Al*  Z.  Kiln.  Chem.  u.  Kiln. 
Bloc hem.  12,  226,  1974.) 

Bilirubin,  d Irect;  (0  BIL  mg/dl)  Modified  Walters  and  Gerarde 
method  (Walters  at  a!*  Mlcrochem.  J.  15.,  231*  1970.) 
Bilirubin,  total ;  (T  BIL  mg/d  I  >  Modified  Walters  and  Gerarde 
method  (Walters  al  Al*  Mlcrochem.  J.  JJL*  231  *  1970.)  AlkAllQA 
Phosphatase;  (AL  PH0S  IU/1)  Modified  Bessey-Lowry  technique 
(Neumann  a±  ail,  Clin.  Chem.  Acta.  11*  183*  1  967.) 

Calcium;  (Ca  mg/dl).  Alizarin  method  (Connerty  at  #1,  Clin. 
Chem. 11*  216,  1965.) 

I  norgan lc  Phosphorus :  (P  mg/dl)  Daly  and  Ert I ngshau sen 

technique  (Daly  At  Al*  Clin.  Chem.  lfi*  263,  1972.) 

Creatine  Phosphok I nase :  (CPK  IU/1)  Modified  Oliver 

met hod ( 0  I  I ver ,  Blochem.  J.  fil,  1  16,  1  955.) 
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Kline  Flame  Photometer  (Beckman) t 


Sodium:  (Na+  mMol/l)  Flame  photometry 

Potass  I um :  (K+  mMol/l)  Flame  photometry 

Chloride  Meter  (Corning  Medical  Co.) 

Ch lorl  de :  (Cl"  Meq/I)  Silver  chloride  precipitation  method 
(Catlove  at  a  I  i»  J.  Lab.  Clin.  Med.  SA,  358,  1  958.) 

The  abbreviations  used  to  Identify  each  assay  In  the  computer 
generated  tables  are  summarized  In  Tables  2  and  3  for  the 
hematology  and  clinical  chemistry  data,  respectively. 


2. 3.2. 3.  Necropsy  and  H istopatho I ogy 

Rats  were  killed  with  sodium  pentobarbital  and  subsequent 
exsanguinatlon,  either  following  the  last  exposure  or  14  days 
post-exposure,  and  necropsled  under  the  supervision  of  the  staff 
pathologist.  The  necropsy  procedure  Included  a  thorough,  systemic 
examination  and  dissection  of  the  animal  viscera  and  carcass  and 
collection  and  fixation  of  all  major  tissues  in  10)1  neutral 
buffered  formalin  (NBF). 


All  tissues  and/or  organs  were  examined  J.Q  s  1  tu  before  dissection 
from  the  carcass  for  individual  examination.  Tongue,  trachea, 
lungs  and  pulmonary  lymph  nodes  were  removed  Intact.  The  lungs  and 
nasal  passages  were  Infused  with  NBF  prior  to  submersion  Into  NBF. 
All  tissues  were  fixed  not  less  than  24  hours  prior  to  trimming. 


Tissue  trimming  (wet  sectioning)  was  performed  at  IITRI  under  the 
supervision  and  direction  of  the  staff  pathologist.  Organs  were 
trimmed  to  allow  the  largest  surface  area  possible  for  examination. 
Each  lung  lobe  was  sectioned  along  Its  main  bronchus.  Both  a  cross 
section  and  a  longitudinal  section  of  trachea  were  made. 


For  all  designated  animals  the  following  tissues  and/or  organs  were 
microscopically  examined:  the  entire  trachea,  pulmonary  lymph 
nodes,  each  lobe  of  the  lungs  and  two  transverse  sections  of  the 
skull  through  the  nasal  turbinates.  (The  first  section  was  the 
palatal  ridge  level).  In  addition,  for  the  control  rats  and  those 
rats  which  were  exposed  to  the  highest  concentration  and  frequency 
of  RP/BR,  adrenals,  duodenum,  esophagus,  eyes,  heart,  liver, 
kidneys,  stomach  and  urinary  bladder  were  also  examined* 


Tissues  In  paraffin  blocks  were  submitted  to  Experimental 
Laboratories  Inc.  (EPL),  Decatur,  IL  where  hematoxylin 
stained  sections  were  prepared  and  examined.  Selected 
from  lung  tissue  were  also  examined  by  Masson's  trlchrome 
collagen  fiber  formation. 


Pathology 
and  eosln 
spec  I  mens 
stain  for 
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Table  2 


IDENTIFICATIONS  OF  ABBREVIATIONS  FROM  COMPUTER-GENERATED  TABLES 
AND  MODE  OF  EXPRESSING  THE  DATA  FOR  HEMATOLOGY  PARAMETERS 


WSw 

Kj’-JS 

LW.V 


vtvvfl! 

Em 


HEMATOLOGY 
_ VALUES  . 


Key  to  Abbreviations 


MCT  X 

Hematocri t 

HG8  g/dl 

Hemoglobin 

MOV  um’ 

Mean  Corpuscular  Volume 

MCH  pg 

Mean  Corpuscular  Hemoglob 

in 

MCHC  g/dl 

Mean  Corpuscular  Hemoglobin  Concentration 

RBCx  lO'/n*’ 

Erythrocyte  Count 

WBCx 

Leukocyte  Count  -  Total 

PUT*  lO'/nw* 

Platelet  Count 

tM  NEU  XWBC 

Immature  Neutrophils  n 

M  NEU  XWBC 

Mature  Neutrophils  1 

Differential 

LYMPH  XWBC 

Lymphocytes  ) 

Leukocyte 

Count 

MON  XWBC 

Monocytes  1 

EOS  xwac 

Eosinophils 

NRBC/100  WOC 

Nucleated  Red  Blood  Cells 

**  I _ .4 

Vir  -  •,  •*  VN 

vys^Aivs! 

aI 

fcfci? 

Kvysi'i 

PV-TVv 

*»  S\V>  V 
.‘.vsUV 

*- /  5  ■  V 

vX/S' 

•'  a  ",  ./ 

**  *V’\V 

1,^/ V,  • 
V  «*•  ••*  . 
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y-/,X 

./rv.-v. 

'j'-is 

.vA-A-v 

i  ’',u  ■  ^ 

V'.‘. 

’•S» 

/LV-VJ 


£ 
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Table  3 

IDENTIFICATIONS  OF  ABBREVIATIONS  FROM  COMPUTER-GENERATED  TABLES  AND 
MODE  OF  EXPRESSING  THE  DATA  FOR  CLINICAL  CHEMISTRY  PARAMETERS 


CLIN.  CHEM. 


VALUES 

Key  to  Abbreviations 

GLU  mg/d! 

Glucose 

BUN  I*g/d1 

Blood  Urea  Nitrogen 

ALT  IU/1 

Alanine  Aminotransferase 

TRIG  ng/dl 

Triglycerides 

T  PRO  g/dl 

Total  Protein 

ALB  g/dl 

Albumin 

CHOL  mg/d) 

Cholesterol 

0  BIL  mg/di 

Di rect  Bi 1 i rub  in 

T  BIL  mg/dt 

Total  Bilirubin 

Al  PHOS  IU/1 

Alkal ine  Phosphatase 

Ca  mg/dl 

Ca 1 c i um 

P  mg/dl 

Inorganic  Phosphorus 

Na  mttol/l 

Sod i um 

K  mMol/1 

Potassium 

Cl  Haq/1 

Chloride 

CPK  IU/1 

Creatine  Phosphokinase 

GLOB  g/dl 

Globul in 

ALB/GLOB 

Albumin/Globulin  Ratio 

2.3.3.  Neurobahav  loral  Act  1  v  1  ty 

Subsets  of  the  rats  were  tested  behavioral ly  within  48  hr  after  the 
last  exposure.  In  the  preliminary  study  <SN  79),  the  post-exposure 
tests  were  administered  on  the  day  following  the  last  exposure, 
whereas,  In  study  Nos.  79-S  and  79-SF,  the  post-exposure 
behavioral  testing  was  on  the  same  day  as  the  last  exposure.  In 
all  three  studies,  separate  groups  of  rats  were  evaluated  for 
recovery  of  behavioral  Indices  14  days  after  the  last  exposure. 
The  behavioral  Indices  considered  were  locomotor  activity  as 
measured  In  a  figure  8  maze,  fore-  and  Hindi Imb  grip  strength,  and 
one-way  active  escape-avoidance  acquisition  and  short-term 
retention.  The  three  tests  were  administered  In  the  order  listed 
above.  The  fore-  and  Hindi Imb  grip  strength  test  was  omitted  for 
SN  7  9-SF. 


2. 3. 3.1.  Locomotor  Activity 

The  apparatuses  for  locomotor  activity  measurements  were  two 
figure-eight  mazes  (Dlglscan  Animal  Activity  Monitors,  Omnltech 
Electronics,  Columbus,  OH)  with  an  eight-channel  printout  counter 
(Datalogger  8000,  Omnltech).  In  the  figure-eight  maze,  activity  Is 
measured  as  photobeam  Interruptions  for  8  sets  of  photobeam-sensor 
combinations  spaced  through  the  arms  of  the  maze.  Each  animal  was 
placed  Individually  In  the  figure-eight  maze  for  a  period  of  20  min 
and  on  Interim  count  was  printed  after  the  first  10  min.  Thus,  the 
three  activity  counts  analyzed  were  expressed  as:  activity  for  the 
first  10  min,  activity  for  the  second  10  min  and  activity  for  the 
total  20  min. 


2. 3.3*2.  Fore-  and  Hindi  Imb  Grip  Strength 

The  apparatus  and  procedures  for  fore-  and  hlndllmb  grip  strength 
were  as  described  by  Meyer  et  al  (Neurobehav.  Toxicol.  X,  233, 
1979).  Briefly,  this  test  employed  pull-push  strain  gauges 
(Chatlllon,  Models  DPP-1.0  kg  and  0PP-2.5  kg,  J.  A.  King, 
Greensboro,  NC)  to  measure  the  grip  force  of  the  fore-  and 
hlndllmbs.  The  animal  was  placed  In  a  trough  and  allowed  to  grip 
with  Its  forepaws  a  triangular  grasping  ring  which  was  attached  to 
the  forward-mounted  strain  gauge.  The  animal  was  steadily  pulled 
by  the  tall  away  from  the  ring  until  the  grip  was  broken.  Pulling 
was  continued  until  the  hlndllmbs  grasped  a  T-bar  mounted  on  a 
second  strain  gauge  behind  the  trough,  and  further  continued  until 
the  grip  of  the  hlndpaws  on  the  T-bar  was  broken.  The  animal 
received  three  consecutive  trials  and  fore-  and  hlndllmb  grip 
strength  (grams  force)  was  recorded  from  the  forward  and  rear 
strain  gauges.  The  fore-  and  hlndllmb  grip  strength  scores  for 
each  animal  were  derived  by  averaging  the  results  of  the  three 
trials. 
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2. 3. 3. 3.  One-Way  Active  Escape-Avoidance 


The  apparatus  for  this  test  Mas  comprised  of  two  plexiglass 
compartments  Mlth  a  connecting  guillotine  door.  The  smaller  (4-1/2 
x  9-1/2  x  7-1/2  In),  dark  compartment  Mas  of  black  plexiglass  and 
had  a  grid  floor  Mired  for  delivery  of  foot  shock.  The  "safe" 
compartment  Mas  7  1/2  x  9-1/2  x  7-1/2  In  and  Mas  clear  plexiglass. 
The  apparatus  Mas  housed  In  a  sound-attenuating  chamber  (Coulbourn 
Instruments,  Lehigh  Valley,  PA,  Model  E10-20).  A  compound 
conditioning  stimulus  Mas  provided  by  a  cue  light  located  In  the 
top  of  the  smaller  compartment  and  a  tone  delivered  through  a 
speaker  (Coulbourn  E12-01)  located  In  the  right  rear  corner  of  the 
sound  attenuating  chamber.  Tone  generation  Mas  via  a  Coulbourn 
generator  (S81-06)  and  amplifier  (S82-24).  Foot  shock  (.75mA)  mbs 
delivered  via  BRS-Forlnger  (Lehigh  Valley,  PA)  shock  generator  and 
scrambler  (SG-901,  SC-902).  Other  support  equipment  Included 

various  timers  and  SMltches  for  programming  the  delivery  of  shock, 
tone,  and  light  presentations,  a  printout  counter  (BRS-Forlnger 
POC  —  112)  for  recording  of  data,  and  a  photoce  II -sensor  and  control 
assembly  (Lafayette  Model  5811). 

During  the  acquisition  phase  of  this  procedure,  each  animal  was 
given  four  consecutive  training  trials.  On  each  trial,  the  animal 
was  placed  In  the  smaller  compartment;  the  guillotine  door  was 
raised  and  the  light,  tone  and  shock  were  turned  on.  The  animal 
could  escape  the  shock  end  turn  off  the  conditioning  stimuli  by 
moving  3  Inches  Into  the  safe  compartment  where  a  photobeam-sensor 
unit  was  located*  If  the  animal  did  not  escape  within  20  sec,  the 
»  trial  was  terminated  and  the  three  stimuli  turned  off. 

Approximately  10  min  following  Its  last  acquisition  trial,  each 
animal  received  two  consecutive  test  trials.  For  a  test  trial,  the 
onset  of  the  conditioning  stimuli  (light  and  tone)  preceded  the 
onset  of  shock  by  10  sec.  During  this  Interval,  the  animal  could 
avoid  shock  and  terminate  the  conditioning  stimuli  by  moving  to  the 
I  safe  compartment.  After  shock  onset,  the  animal  could  escape  If  It 

moved  to  the  safe  compartment  within  10  sec  or  If  It  failed  to 
escape,  shock,  tone,  and  light  were  turned  off  at  the  end  of  this 
time. 

Expression  of  data:  Three  activity  counts  were  analyzed  for 

locomotor  activity  In  the  figure-eight  maze.  These  were  activity 
counts  for  the  first  10  min,  activity  counts  for  the  second  10  mln, 
and  the  sum  of  these  two  or  total  activity  counts  for  the  20  mln 
test  period.  Fore-  and  hlndllmb  grip  strength  was  measured  In 
grams  force  on  each  of  three  trials.  The  data  were  expressed  as 
mean  forel Imb  and  hlndllmb  grip  strength  for  each  animal  with  the 
means  being  derived  by  averaging  across  the  three  trials.  The  data 
points  considered  In  analysis  of  the  one-way  active 
escape-avoidance  were  as  follows: 


) 
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Time  (sec)  to  escape  shock  on  each  of  four  training  trials 

Number  of  times  shock  was  escaped  during  training 

Time  (sec)  to  avoid  or  escape  shock  on  each  of  two  test  trials 

Number  of  times  shock  was  avoided  during  testing 

Number  of  times  shock  was  escaped  or  avoided  during  testing 


For  training  a  maximum  time  to  escape  of  10  sec  was  utilized  and 
during  testing  the  maximum  time  recorded  was  20  sec* 

The  abbreviations  used  In  reporting  the  data  tor  neurobehav loral 
measures  are  given  In  Table  4. 


2.3.4.  Genetic  Tox Icolopyt  Micro  nucleus  Iftsl 


2. 3. 4.1.  Red  Blood  Cell  Assay 

1 

The  blood  samples  were  prepared  for  analysis  with  a  modification  of 
the  method  of  R.  Schlegel  and  J.  MacGregor  (Mut.  Res.  10.4:367, 
1982).  The  rats  were  gently  restrained  by  hand  while  the  tip  of 
the  tall  was  snipped  off  with  dissecting  scissors.  Three  drops  of 
blood  were  dispensed  Into  a  smal I  wel I  of  a  porcelain  dish  by 
gently  "milking"  the  tall.  The  blood  was  mixed  Immediately  with 
throe  drops  of  calf  serum.  Blood  smears  were  made  on  dupl  Icate 
pre-labeled,  methanol-cleaned  glass  slides  and  allowed  to  air-dry 
for  at  least  12  hours. 

The  slides  were  fixed  in  methanol,  rinsed  twice  In  deionized, 
distilled  water  and  stained  for  10  minutes  with  Glemsa  (1  part 
Glemsa  t  5  parts  distilled  water,  prepared  fresh  and  filtered 
through  Whatman  No.  1  paper).  After  thorough  rinsing  and  drying, 
the  slides  were  cleared  In  xylene  and  coversllps  were  affixed  with 
permount.  Cells  were  counted  under  40X  magnification,  and  the 
number  of  mlcronuclel  (MN)  per  1000  blood  erythrocytes  were 
tabu  I  ated . 


2. 3. 4. 2.  Bone  Marrow  Assay 

Bone  marrow  cells  were  harvested  following  the  method  of  M.  Von 
Ledebur  and  S.  Schmid  (Mut.  Res.  12:109,  1973).  A  femur  was 
removed  la  lata  from  each  rat  by  cutting  through  the  pelvis  and 
tibia  and  carefully  separating  the  distal  end  of  the  bone  from  the 
knee  with  gentle  traction.  The  bone  was  cleaned  of  muscle  and 
tissue  with  gauze.  A  5-ml  plastic  centrifuge  tube  was  filled  with 
fetal  calf  serum.  A  small  volume  of  serum  was  aspirated  Into  a  3 
ml  syringe  through  a  20  gauge  needle  which  was  Inserted 
subsequently  a  few  mm  Into  the  proximal  end  of  the  femur  (distal 
end  remains  closed).  The  femur  was  submerged  completely  In  the 
serum  tube  while  alternate  aspirations  and  flushings  evacuated  the 
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Table  A 

IDENTIFICATIONS  OF  ABBREVIATIONS  FROM  COMPUTER-GENERATED  TABLES  AND  MODE 
OF  EXPRESSING  THE  DATA  FOR  NEUROBEHAV I  ORAL  PARAMETERS 
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bone  cavity  and  produced  a  fine  suspension  of  cells*  The  cells 
were  centrifuged  at  250  xg  for  5  minutes  and  the  supernatant 
decanted,  leaving  only  a  small  volume  to  resuspend  the  cells. 
Smears  were  made  on  duplicate  slides. 

The  cells  were  prepared  for  analysis  following  the  method  of 
Hayashl  *±  al.  (Mut.  Res.  124:241*  1983).  Briefly,  The  slides 
were  stained  In  Acridine  Orange  (A.O.)  working  solution  (2  parts  of 
O.lK  aqueous  stock  A.O.  t  30  parts  Sorenson's  buffer  pH  6.8, 
prepared  fresh  and  filtered  through  0.2  um  membrane  filter).  The 
slides  were  rinsed  In  buffer  3  times  and  covers!  Ips  were  affixed 
with  buffer  and  the  margins  were  sealed  with  rubber  cement.  The 
slides  were  examined  the  same  day  using  a  fluorescent  microscope 
with  a  BG-12  excitation  filter.  The  number  of  mlcronuc leated  cells 
was  tabulated  for  polychromatic  erythrocytes  (PCE)  as  well  as 
normochromat Ic  erythrocytes  (NCE). 

Expression  ot  data:  The  genotoxic  response  was  expressed  as  ’mean 
number  ot  mlcronuclel  In  bone  marrow  polychromatic  erythrocytes  and 
In  circulating  blood  cells  ( normachromat Ic  erythrocytes).  The 
abbreviations  used  to  Identify  each  parameter  In  the  computer 
generated  tables  are  summarized  In  Table  5. 


3.  STATISTICAL  APPROACH  AND  EXPERIMENTAL  DESIGN 


When  a  sufficient  amount  of  Information  Is  available  about  the 
biological  effects  of  a  given  compound,  completely  balanced 
randomized  designs  are  essential  for  drawing  Inference  from 
experimental  data.  In  these  experiments,  levels  of  one  or  more 
design  variables  or  "factors"  are  examined  with  all  possible 
combinations  of  every  other  factor,  therefore  providing  full 
Information  regarding  main  effects  of  each  design  variable  (eg. 
concentration)  end  higher  order  Interactions  (eg.  concentration  by 
frequency  of  exposure). 

In  some  experiments,  we  know  very  little  about  the  biologically 
effective  concentrations  of  an  experimental  compound  and  even  less 
about  the  effect  of  that  compound  when  used  In  various  combinations 
with  other  factors  such  as,  In  our  case,  the  frequency  and  duration 
of  exposure.  In  these  cases  It  Is  recommended  to  proceed  In  two 
stages . 


In  the  first  stage  a  subset  of  combinations  of  conditions  are 
tested.  From  these  preliminary  data,  a  mathematical  model  Is 
constructed  which  will  predict  optimal  combinations  of  design 


variables  (e.g.  concentration, 
exposure).  If  the  predicted  maximum 
chosen  for  the  pilot  study,  new 
predicted  values  mey  be  tested, 
biologically  effective  combinations 


duration  and  frequency  of 
Is  far  away  from  the  values 
combinations  closer  to  the 
In  this  way  the  range  of 
of  the  design  variables  may  be 
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CATIONS  OF  ABBREVIATIONS  FROM  COMPUTER- GENERATED  TABLES  AND 

MODE  OF  EXPRESSING  THE  DATA  FOR  GENETIC  TOXICOLOGY  PARAMETERS 
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Identified  quickly  end  economically  (l.e.»  ell  possible 
combinations  of  the  design  variables  do  not  have  to  be  tested)* 

In  the  second  stage  of  analysis*  a  confirmatory  study  with 
Increased  sample  size  Is  conducted*  Based  on  the  results  of  the 
preliminary  Investigation*  a  much  more  focused  selection  of 
conditions  may  be  chosen.  The  number  of  treatment  combinations  Is 
of  course  greatly  reduced*  since  the  preliminary  study  has  already 
Identified  treatment  combinations  that  produce  maximal  responses* 

The  previously  described  experimental  procedure  Is  known  as 
"response  surface  modeling."  Statistically*  the  method  Involves 
fitting  a  response  surface  model  to  the  experimental  date  using 
least  squares,  and  moving  to  the  area  of  experimentation  along  a 
path  of  steepest  ascent  until  It  Is  near  a  stationary  point.  This 
point  1$  then  explored  In  much  greater  detail* 

Experimentally*  the  current  study  has  Involved  three  separate 
experiments  and  four  phases  of  statistical  analysis*  In  the 
following*  details  of  each  study  and  corresponding  analyses  are 
described* 


3*1  *  CiiAMtlfcBlZJiie  £El£!21i££  SUEL&tii  Sim  UQ*  12 

This  first  experiment  was  used  to  characterize  the  response 
surface.  The  purpose  of  this  study  was  to  Identify  combinations  ot 
concentration*  frequency  and  duration  that  yield  maximal  biological 
effects.  Results  of  this  study  were  then  used  to  select  more 
specific  levels  of  concentration,  frequency  and  duration  for  more 
detailed  studies  In  larger  samples  of  animals. 

The  following  experimental  design  parameters  were  selected  to  be 
applied  in  various  combinations  In  a  4-week  exposure  study. 

o  Animals:  Four  male  rats  per  treatment  group. 

o  Exposure  Concen+ret Ion :  Three  RP/BR  aerosol 
concentrations  C1<C2<C3  ( C 1 -0  » 4  mg/ I , 

C2-0.75  mg/ I ,  C3*=1  .0  mg/ I )  and  filtered  air 
contro 1  <  CO ) . 

o  Exposure  Duration:  I  hr  and  3.5  hr. 

o  Exposure  Frequency:  F1IXX),  exposure  on  two 
consecutive  days;  F2  (XXXX),  exposure  on  four 
consecutive  days;  F3  (X00X),  two  exposure  days 
separated  by  two  days  rest. 

o  Biological  endpoints:  Pulmonary  bactericidal 
activity  (BC);  Lavage:  pulmonary  free  celts 
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and  lavage  fluid  protein  (LAV);  Behavioral 
tests  (BEH);  Standard  toxicology  (TOX). 

o  Biological  endpoints  were  tested  after  the  last 
exposure  or  in  case  of  one  exposure  group 
(C3,  F2,  3.5  hr)  also  after  a  14-day  recovery 
period  (R)  following  the  last  exposure. 

o  Controls  for  all  exposure  conditions  and  all 
endpoints  were  exposed  to  filtered  air  for 
3.5  hr  at  F2  (XXXX). 

All  animals  were  exposed  for  four  weeks.  Exposures  to 
concentrations  Cl,  C2  and  C3  were  simultaneous;  however  different 
frequency  groups  were  scheduled  separately.  Post  exposure 
experiments  were  conducted  on  the  days  of  the  last  exposures  for 
all  endpoints  except  for  BEH  tests  which  were  done  one  day  after 
the  last  exposures.  Recovery  experiments  were  conducted  14'days 
after  the  last  exposure  for  all  endpoints  except  for  BEH  tests 
which  were  done  15  days  after  the  last  exposure. 

In  order  to  facilitate  the  time-consuming  and  labor-intensive 
processes  of  the  8C,  LAV,  BEH,  and  TOX  endpoints,  the  exposures 
were  staggered.  Biological  endpoints  for  three  exposure 
concentrations  and  two  exposure  periods  were  handled  on  the  same 
day*  but  exposures  of  animals  for  the  different  frequency 
experiments  for  each  endpoint  were  scheduled  Individually.  Details 
of  fhe  exposure  end  assay  dates  for  the  different  endpoints  and  th© 
actual  animal  numbers  assignee  for  each  group  were  summarized  In 
tables  Included  In  the  experimental  protocol* 


3.2.  £X£AHBE&  SlUftI  L LiSLLSJ!  JfLLIU  HALE  fi AISj.  SlUftI 

The  conclusions  of  the  preliminary  statistical  analysis  by  response 
surface  method  of  the  data  of  Study  No.  79  demonstated  relatively 
few  compound-related  effects  and  those  that  were  observed  generally 
exhibited  complete  recovery  after  14  days*  The  data  also  Indicated 
that  neither  exposure  duration  nor  frequency  produced  major  changes 
In  effects  observed  at  a  given  concentration.  Based  on  this 
statistical  evaluation,  the  experimental  conditions  for  the 
supplemental  study  No.  79-S  were  selected  as  follows: 


o  Animals:  15  per  treatment  group. 

o  Exposure  Concentration:  0,  0.75,  1.00  end 
1.30  mg/ I  (CO,  Cl,  C2  and  C3).  Because  of 
mortalities  observed  after  one  or  two 
exposures  to  1.3  mg/ I  RP/BR  aerosol,  this 
target  concentration  was  lowered  to 
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1.2  mg/ I  after  consultation  with  the  Sponsor. 

The  change  was  effective  on  the  third  day 
of  exposure. 

o  Exposure  Duration:  2.25  hr/day 

o  Exposure  Frequency:  Exposures  on  four  consecutive 
days 

o  Exposure  Period:  Four  weeks 

o  Biological  Endpoints:  Pulmonary  response  parameters 
(In  vivo  bactericidal  activity,  pulmonary  free 
cell  numbers,  cellular  ATP  and  protein  levels,  ecto- 
enzyme  activities,  phagocytosis,  pulmonary  lavage 
fluid  protein  levels),  general  toxicology  (clinical 
and  morphological  pathology)  and  neurobehav loral 
activity  tests  were  performed  on  the  last  exposure' 
day  to  CO  and  to  RP/BR  aerosol  concentrations  of 
Cl,  C2  and  C3. 

o  Recovery  Period:  Additional  rats  exposed  to  CO,  C2 
C3  were  tested  after  a  14  day  recovery  period 
following  the  lest  exposure. 

To  utilize  project  personnel  In  conducting  all  endpoint  experiments 
most  efficiently,  the  four  dally  Inholatlon  exposures  within  each 
week  were  staggered  by  conducting  them  with  various  groups  of 
animals  from  Monday  through  Thursday  and  Tuesday  through  Friday, 
respectively. 


3.3.  EXPANDED  &IUQ*  M1IH  t£MAL£  S-IUlil 

Study  No.  79-SF  was  conducted  to  examine  female  rats  under  similar 
exposure  conditions  to  those  that  were  used  for  males  In  Study  No. 
79-S.  Because  of  mortalities  observed  In  the  male  rats  upon 
exposure  to  the  highest  RP/BR  concentration  (1.3  and  1.2  mg/ I 
respectively  as  described  above)  the  exposure  concentrations  for 
this  study  were  lowered.  The  experimental  design  for  Study  No. 
79-SF  was  as  follows: 

o  Animals:  The  number  of  rats  used  was  15  per 
treatment  group  except  for  the  genetic 
toxicology  assays  In  which  4  or  5  were  used. 

o  Exposure  Concentration:  0,  0.40,  0.75,  and 
1.00  mg/ 1  (CO,  Cl,  C2  and  C3)  . 


o  Exposure  Duration:  2.25  hr/day. 
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o  Exposure  Frequency:  Exposures  on  four 
consecutive  days* 

o  Exposure  Period:  All  treatment  groups  were 
exposed  for  four  weeks  before  measuring 
biological  endpoints  except  those  for  the 
genetic  toxicology  assays  which  were  also 
tested  after  two  weeks  of  exposures. 

o  Biological  Endpoints:  The  micronucleus  test 
(in  vivo  rat  bone  marrow  method)  for 
cytogenetic  evaluation  after  RP/BR  exposure 
was  added  to  the  endpoints  used  In  Study  No. 

79S.  Only  two  neurobehav lor  a  I  assays 

were  conducted  for  this  study.  These  were 

locomotor  activity  and  one-way  active 

avoidance.  (The  fore-  and  hlndllmb  grip 

strength  assay  showed  no  effects  In  prior  ' 

studies).  The  biological  endpoints  for 

pulmonary  bactericidal  activity,  pulmonary 

lavage  parameters,  neurobehav (oral  activity 

and  standard  toxicology  were  tested  on  the 

last  (sixteenth)  exposure  day  to  exposure 

concentrations  of  CO.  Cl.  C2  and  C3. 

Genetic  toxicology  assays  were  conducted  on 
rats  from  CO  and  C3  exposure  groups  on  the 
eighth  and  the  last  exposure  days. 

o  Recovery  Period:  Additional  rats  were  exposed 
to  CO.  C2  and  C3  to  be  tested  after  a  M  day 
recovery  period  following  the  last  exposure. 

To  utilize  project  personnel  In  conducting  all  endpoint  experiments 
most  efficiently,  the  Inhalation  exposures  were  staggered  over  a 
five-week  period.  In  addition,  the  four  dally  exposures  within 
each  week  were  also  staggered  by  conducting  them  with  various 
groups  of  animals  from  Monday  through  Thursday  and  Tuesday  through 
Fr  i day . 


3.4.  SlLLlSimk 

The  statistical  analysts  of  these  data  proceeded  In  three  stages. 

(1)  the  analysis  of  the  Initial  response  surface  (Study  No.  79). 

(2)  the  analysis  of  the  expanded  confirmatory  experiment  with  male 
rats  (Study  No.  79-S),  and  (3)  the  analysts  of  the  expanded 
confirmatory  experiment  with  female  rats  (Study  No.  79-SF). 

The  first  study  (Study  No.  79)  was  used  to  obtain  an  initial 
characterization  of  the  response  surface.  In  light  of  the  large 
number  of  measured  parameters  and  the  large  number  of  experimental 
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Third,  for  Study  Nos*  79S  and  79-SF  In  the  presence  of  significant 
multivariate  and  univariate  tests,  individual  post  hoc  comparisons 
(l*e.  each  treatment  group  compared  to  Its  respective  control  In 
terms  of  every  Individual  parameter,  for  recovery  and  non-recovery 
animals  separately)  were  performed.  These  statistics  (Dunnett's 
test)  aid  In  Interpreting  exactly  where  significant  between-group 
differences  occurred.  Tests  of  linear  dose-response  relations  are 
also  performed  at  this  stage  using  Pearson  product  moment 
correlation  coefficients  (In  non-recovery  animals  only). 

The  statistical  significance  of  post-hoc  comparisons  of  exposed 
relative  to  control  groups  was  Indicated  by  the  presence  of 
asterisks  In  the  summary  tables  of  results.  The  placement  of  an 
asterisk  was  based  on  the  significance  of  Dunnett's  test.  In  Study 
No.  79  the  significance  of  all  postrhoc  comparisons  was  reported 
regardless  of  the  significance  of  main  effects  and  Interactions. 
This  was  done  because  of  the  complexity  of  the  design  at  this  early 
stage  of  the  study  and  the  exploratory  nature  of  hypothesis  testing 
In  the  first  phase  of  constructing  the  response  surface.  In  the 
confirmatory  studies  (79S  and  79SF)  post-hoc  comparisons  were  only 
conducted  In  the  presence  of  a  significant  main  effect  or 

Interaction*  In  light  of  the  more  confirmatory  nature  of  these 
studies,  asterisks  on  summary  tables  only  appear  for  parameters 
exhibiting  significant  F  statistics. 

A  type  one  error  of  p<0  05  was  assigned  a  priori  for  all 

statistical  comparisons.  For  purposes  of  display,  the  number  ot 
significant  digits  for  a  specific  parameter  was  kept  constant 

across  conditions.  In  rare  cases  two  means  that  may  look  similar 
or  even  Identical  may  yield  different  statistical  results  (  le.  one 
P-O&i-hpc  comparison  Is  significant  whereas  the  other  Is  not).  The 
apparent  Inconsistency  Is  due  to  rounding.  For  example  data 

reported  for  two  treatment  groups  as  0.10  +  0.01  and  0.10  +  0.01 
and  controls  0.11  +  0.01  may  actually  reflect  true  values  of  Tx. 

=  0.100  +  0.010,  Tx_  =  0.104  ±  0.005  and  0.105  ±  0.005  tor 

controls.  The  result  might  be  significant  for  Tx.  but  would 
clearly  not  be  significant  for  Tx2. 

4.  OBJECTIVES  AND  RESULTS 

4.1  .  LH£  E&E&BlMEttlAi  ILil 

The  experimental  test  atmosphere  characterization  data  are 
summarized  In  Tables  6,  7  and  8  for  study  numbers  79,  79-S  and 

79-SF  respectively.  The  means  and  standard  deviations  for  RP/BR 

aerosol  mass  concentrations,  the  corresponding  MMAD  and  pg  for 
particle  size  and  the  percent  phosphoric  acid  levels  of  the 
aerosols  were  measured  In  each  of  the  exposure  chambers  as 
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described  in  Section  2.243*  The  overall  means  for  the  entire 
exposure  period  for  aerosol  mass  concentration  (from  gravimetric 
filter-collected  samples  and  from  the  Integrated  time  averages  of 
the  continuous  photosensor  readings,  respectively)  and  for  particle 
size  were  calculated  from  daily  means  for  each  chamber.  The 
phosphoric  acid  levels  were  determined  from  one  filter-collected 
sample  analysis  per  week  per  chamber. 

For  Study  No.  79,  the  exposure  data  are  summarized  In  Table  6. 
The  RP/BR  aerosol  exposures  were  conducted  at  target  concentrations 
of  0*40,  0.75  and  1.00  mg/ I  In  three  Inhalation  chambers  at  1  hr 
and  3.5  hr  durations  on  Mondays  through  Fridays  staggered  over  a 
five-week  period  at  the  specified  frequencies  of  FI,  F2  or  F3  as 
described  In  the  experimental  design.  The  first  exposure  was  on  a 
Friday  to  accomodate  the  F3  schedule  using  Saturday  and  Sunday  as 
the  rest  days  between  the  two  exposures.  Thus  the  total  number  ot 
days  on  which  exposures  were  conducted  over  a  five-week  period  at  a 
given  concentration  and  duration  Including  all  three  frequencies 
used  was  26.  The  phosphoric  acid  levels  were  determined  from  5 
samples,  one  flltei — collected  sample  per  week,  during  the  3.5  hr 
exposures. 

Study  No.  79-S  was  conducted  at  target  concentrations  of  0.75, 
t .00  and  1.20  mg/ I  in  five  Inhalation  chambers  at  2.25  hr/day,  on 
four  consecutive  days/week,  for  a  period  of  four  weeks.  The  high 
dose  originally  selected  was  1.30  mg/ 1 ,  however  after  a 
concentration  overrun  on  the  first  exposure  day  followed  by 
mortalities  on  the  second  day  (for  details  see  Section  4.3.2)  the 
target  concentration  was  lowered  to  1.20  mg/ I  on  Day  3.  Table  7 
Includes  data  collected  throughout  the  entire  study.  Because  of 
the  labor-intensive  nature  of  the  biologic  endpoint  experiments  the 
groups  of  rats  were  staggered  for  exposures  Mondays  through 
Thursdays  and  Tuesdays  through  Fridays.  Chambers  1,  2  and  3  were 
used  on  5  days  per  week  and  Chambers  4  and  5  were  used  Tuesdays, 
Wednesdays  and  Thursdays.  The  mean  mass  concentration  and  particle 
size  values  for  each  target  concentration  were  calculated  from  20 
dally  means  (5  days/week  for  four  weeks)  for  Chamber  Nos.  1,  2  and 
3  and  from  12  dally  means  (3  days/week  for  four  weeks)  for  Chamber 
Nos.  4  and  5.  Phosphoric  acid  levels  were  determined  from  one 
filter-collected  sample  per  chamber  per  week. 

For  Study  No.  79-SF,  (Table  8),  female  rets  were  exposed  In  five 
inhalation  chambers  at  RP/BR  aerosol  target  concentrations  of  0.40, 
0.75  and  1.00  mg/ I  for  2.25  hr/day  on  4  consecutive  days/weeks, 
Mondays  through  Thursdays  or  Tuesdays  through  Fridays  for  a  total 
of  four  weeks.  For  Chamber  Nos.  1,  2  and  3  the  exposures  were 
staggered  over  a  five-week  period.  In  Chamber  Nos.  4  and  5 
exposures  were  conducted  Tuesdays  through  Thursdays  over  a 
four-week  period.  Thus,  the  aerosol  mean  mass  concentration  and 
particle  size  were  calculated  from  25  dally  means  for  Chamber  Nos. 
1,  2  and  3  and  12  dally  means  for  Chambers  4  and  5.  The  phosphoric 
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acid  levels  were  determined  from  samples  collected  weekly  from 
Chambers  1 #  2  and  3#  over  a  five-week  period#  and  from  Chambers  4 

and  5  over  a  four-week  period. 

The  data  Indicate  that  the  target  concentrations  were  well 
maintained  at  each  exposure  level  throughout  each  of  the  three 
studies.  Mean  RP/BR  mass  concentrations  were  consistently  within 
4>  of  the  target  value  when  measured  grav tmetr tea  I ly#  and  within  3 % 
of  the  required  concentration  when  determined  using  the  light 
scattering  photosensor.  Standard  deviations  of  the  dally  mean 
concentrations  were  below  ±  8 %  In  every  Instance  when  calculated 
tor  either  sampling  method.  Excellent  agreement  between  the 
gravimetric  and  light  scattering  methods  were  demonstrated  with 
variations  In  mean  dally  concentration  between  each  method  being 
approximately  equivalent  In  magnitude  to  the  deviations  due  to 
actual  concentration  fluctuation  measured  within  each  method.  The 
particle  size  data  Indicate  excellent  aerosol  stability  throughout 
the  exposures  with  the  mean  ranging  from  0.44  to  0.64  and  mean 
eg  from  1.66  to  1.97.  Phosphoric  acid  levels  ranged  from  61  to  74)1 
H3PO4.  The  variation  from  sample  to  sample  Is  generally 
thought  to  Include  the  inherent  errors  due  to  sampling  and  chemical 
analysis  In  addition  to  the  actual  fluctuation  In  phosphoric  acid 
levels  In  the  chambers. 

4.2  CijABAEIfcfi  1Z  A T IflM  QL  Ih£  RESPONSE  SURFACE:  STUDY  NO.  12 

The  objective  of  this  study  was  to  define  the  experimental 
conditions  In  terms  of  combinations  of  exposure  concentration; 
duration  and  frequency  that  produce  maximal  effects  In  the  biologic 
response  parameters  selected  for  the  project.  The  choice  of 
response  surface  modeling  as  the  statistical  approach  made  It 
possible  to  work  with  a  low  subject  number  (n=4)  for  this  Initial 
study  as  necessitated  by  the  need  to  test  a  large  number  of 
experimental  design  conditions  coupled  with  multiple  biological 
endpoints  at  the  end  of  the  exposures  as  well  as  after  a  recovery 
period.  Based  on  the  results  more  specific  conditions  were  to  be 
selected  for  subsequent  studies  with  Increased  sample  size  to  find 
the  most  sensitive  biologic  response  parameters  to  be  used  In  the 
subchronic  exposures  In  the  final  phase  of  the  research  program. 

Response  surface  modeling  allows  the  Investigator  to  proceed  In 
stages  so  that  the  greatest  amount  of  statistical  power  (l.e. 
sample  size)  can  be  placed  at  the  location  on  the  surface  producing 
the  maximal  biological  activity.  In  light  of  this#  It  Is  often 
useful  to  begin  with  modest  sample  sizes  and  increase  them  as  the 
surface  becomes  better  defined.  This  Is  particularly  Important 
because  at  early  stages  In  the  experimental  design  we  are  examining 
many  parameters  under  many  conditions#  whereas  at  the  end  of  the 
experiment  we  have  narrowed  our  view  to  a  specific  set  of  response 
parameters  under  specially  chosen  experimental  conditions. 
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In  the  current  study  we  selected  a  design  consisting  of  four 
concentrations  (including  control)*  three  frequencies*  end  two 
durations  tested  Immediately  after  the  last  exposure*  and  two 
concentrations  (high  dose  and  control)*  one  frequency  and  one 
duration  tested  after  a  recovery  period.  This  design  yielded  26 
treatment  groups  each  with  a  sample  size  of  four  animals. 
Obviously*  an  n  of  four  Is  Inadequate  to  test  the  four-way 
Interaction  of  concentration  by  duration  by  frequency  by  recovery. 
This  sample  size  Is  adequate#  however*  for  tests  of  main  effects 
and  two-way  Interactions.  For  example*  the  main  effect  of 
concentration  has  a  relative  sample  size  of  24  animals  per  dosage 
group  and  control  (since  the  design  Is  completely  balanced).  The 
concentration  by  frequency  and  concentration  by  duration 
Interactions  also  have  adequate  sample  sizes.  In  light  of  this# 
the  selected  sample  size  In  the  first  study  yields  more  than 
adequate  statistical  power  for  an  Initial  characterization  of  the 
response  surface  Involving  main  effects  and  all  possible  two-way 
Interactions.  Further  studies  using  more  specific  experimental 
conditions  had  appropriately  Increased  sample  sizes. 

The  three  RP/BR  aerosol  concentrations  of  0.40  (Cl)*  0.75  (C2)  and 
1.0  (C3)  mg/ 1  were  selected  on  the  basis  of  the  results  of  the 

preliminary  range  finding  studies  of  Phase  II.  Durations  of  1  and 
3.5  hr  were  used  already  In  some  of  the  Phase  II  exposures.  The 
selection  of  exposure  frequencies  per  week  was  Intended  to  broaden 
the  range  of  the  effect  of  the  Inhalation  by  subjecting  the  rats  to 
the  smoke  at  the  same  concentrations  and  for  similar  durations  on 
two  consecutive  days  (F|),  four  consecutive  days  (F^)#  or  two 
days  separated  by  two  days  of  rest  (F,).  Maximally  stressed 
controls  Inhaling  filtered  air  for  3.5  hr/day  on  four  consecutive 
days/week  were  used  with  all  exposure  combinations.  The  total 
exposure  period  was  four  weeks  followed  by  two  weeks  of  recovery 
with  biologic  assays  conducted  at  both  time  points  (derails  of  this 
design  are  described  In  section  3.1). 

The  experimental  data  are  summarized  In  Tables  A-l  to  A-43  of 
Appendix  A.  The  tables  were  computer-generated  from  the  results  of 
the  experimental  data  entered  for  statistical  analysis.  Because  of 
table  prlnt-out  programming  limitations  there  are  for  each  group  of 
biological  response  parameters#  separate  tables  comparing  the 
values  measured  at  the  three  test  concentrations  relative  to 
controls  for  each  frequency-duration  combination  (l.e.  six  tables 
for  the  combination  of  three  frequencies  with  two  durations)  for 
assays  conducted  Immediately  after  the  last  exposure  plus  an 
additional  table  for  the  results  of  the  post-  recovery  assays. 
Thus  there  are  seven  tables  each  for  pulmonary  response, 
neurobehav loral  activity#  clinical  chemistry  and  hematology 
parameters#  body  weights  and  body  weight  gains*  end  there  Is  one 
table  for  food  consumption. 

For  the  data  summarized  In  these  tables  ucalrilfiC.  comparisons  (l.e. 
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Dunnett’s  test)  were  computed  automatically  without  regard  for  the 
statistical  significance  of  relevant  main  effects  and  Interactions* 
For  the  purpose  of  Interpretation#  however#  we  are  only  permitted 
to  draw  Inference  from  postrhQa  comparisons  that  are  associated 
with  significant  main  effects  or  Interactions.  In  this  preliminary 
study  several  scattered  significant  post-hoc  comparisons  were 
observed  In  the  absence  of  significant  main  effects  and 
Interactions.  These  postrhac,  comparisons  ore  consistent  with 
chance  expectations  (given  the  targe  number  of  multiple 
comparisons)  and  should  therefore  not  be  Interpreted.  In  tact# 
only  a  small  number  of  significant  main  effects  and  an  even  smaller 
number  of  significant  Interactions  were  found.  These  results  are 
presented  In  the  following. 

4.2.1  .  Pulmonary  Response  Parameters 

A  significant  concentatlon  by  duration  Interaction  was  observed  for 
ATP/cells  (p<0.006),  ATP/proteln  (p<0.002)  and  pulmonary 
bactericidal  activity  (p<0.002).  Bactericidal  activity  and  ATP 
were  In  general  decreased#  however#  this  effect  appeared  to  be  more 
pronounced  for  the  1-hr  duration  In  medium  and  hlgh-dose  animals. 
In  addition#  a  significant  concentration  by  frequency  Interaction 
(p!0.05)  revealed  that  ATP/proteln  values  were  more  significantly 
decreased  In  F3  animals.  However  this  effect  appeared  to  be  due  to 
an  unusual  high  control  value  for  this  parameter  In  F3  exposures. 
Similarly#  the  significantly  Increased  percent  macrophage  values 
(from  differential  counts)  in  tha  Immediate  as  well  as  recovery 
sacrifice  animals  was  due  to  markedly  lower  than  historical  control 
val  ues. 

4.2.2.  Behaviore 1  Measures 

Locomotor  activity  counts  of  the  low  and  high  dose  animals  were 
significantly  Increased  over  controls  for  the  second  10-mlnute 
Interval  of  testing  In  the  figure-eight  maze  (p<_0.02).  Complete 
recovery  was  observed  from  this  effect.  A  significant 
concentration  by  duration  Interaction  was  observed  for  total 
activity  counts  during  the  20-mlnute  test  period.  This  effect  was 
due  to  greater  Increases  In  counts  for  the  1-hour  exposure 
durat  Ion  • 

4.2.3.  Hematology  and  C I  1 nJcaJ  Chemistry 

Relatively  few  effects  were  found  for  these  parameters.  Several 
concentration  by  duration  Interactions  were  seen  due  to  some  low 
outlying  values  In  the  medium  dose  l-hr  duration  group.  These 
effects  are  small  and  most  likely  artificial. 

The  only  strong  main  effect  of  concentatlon  was  for  BUN  values 
(piO.OOOl)  which  were  decreased  In  all  concentration  groups.  This 
effect  exhibited  full  recovery.  BUN  levels  are  usually  elevated 
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under  cond I t Ions  of  Insufficient  renal  clearance*  On  rare 
occasions*  slight  decreases  are  observed*  usually  In  debilitated 
animals*  Therefore*  on  the  basis  of  these  BUN  data  renal  Injury  Is 
not  anticipated*  In  addition*  medium  dose  Inorganic  phosphorus 
levels  were  decreased  relative  to  controls. 

A  few  concentrations  by  frequency  Interactions  were  also  observed* 
Cholesterol  values  (p<,0.003)  were  decreased  tn  FI  antmais  and 
Increased  In  F3  animals  relative  to  controls.  No  recovery  was 
observed  from  this  effect.  Sodium  (p<0.004)  and  total  protein 
values  (p!0.03)  were  Increased  In  F3  treatment  antmais  relative  to 
controls.  This  effect  was  absent  after  the  recovery  period. 

4.2.4.  gfiiy  Hftiahis. 

A  significant  decrease  In  body  weight  gains  (N»I8)  was  observed  at 
F 2  frequency  for  medium  (p<0.02)  and  high  dose  (p<0.002)  animals 
after  the  first  week  of  exposures  (Test  day  8).  Low  dose  animals 
first  exhibited  a  significant  difference  from  controls  on  Test  day 
15  (p<0.003).  These  effects  did  not  Increase  over  the  course  of 
the  study  and  recovery  animals  did  not  return  to  control  levels. 
In  light  of  this*  we  conclude  that  an  Initial  body  weight  decrease 
occurred  and  these  animals  never  quite  caught  up  (l.e.*  rates  of 
change  did  not  differ  between  groups). 

4.2.5.  Q&n&iu.&laa 

Relatively  few  compound-related  effects  were  observed.  Those  that 
were  observed*  In  general*  also  exhibited  complete  recovery.  The 
exceptions  to  this  rule  were  decreases  In  Initial  body  weights*  and 
decreased  cholesterol  which  did  not  return  to  within  control  values 
In  recovery  animals.  Given  the  large  number  of  parameters  tested* 
these  effects  could  have  occurred  by  chance.  Furthermore*  when 
Interactions  did  occur*  main  effects  were*  In  general*  absent. 
This  finding  further  points  to  the  fact  that  these  Interactions 
were  spurious.  Conversely*  strong  main  effects  only  occurred  for 
parameters  which  did  not  have  Interactions.  Thus  It  could  be 
concluded  that  both  duration  and  frequency  did  not  appear  to 
produce  major  changes  In  the  effects  of  exposure  dose.  The  most 
pronounced  effects  were  found  for  body  weight*  pulmonary 
bactericidal  activity  and  BUN  values.  These  effects  were  seen  for 
all  three  concentrations  with  the  exception  of  bactericidal 
activity  values  which  occurred  at  medium  and  high  concentat Ions 
only. 

4.3.  DEFINITIVE  EBlii&lEAk  ilWUti  Mild  Id&kE.  tm  LEMAkE  BAISi. 

ami  bqsl*  las.  m.  im. 

In  the  second  and  third  extended  studies  with  male  and  female  rats 
respectively  more  detailed  examination  of  dose  response  relations 
were  made  for  a  single  duration  and  frequency  combination  that  was 
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selected  on  the  basis  of  the  findings  of  the  first  experiment.  The 
outcome  of  these  showed  that  since  frequency  end  duration  did  not 
affect  results  significantly,  F2  (exposures  on  four  consecutive 
days  per  week)  was  selected  to  explore  the  "worst  case"  situation 
and  2.25  hr,  the  logarithmic  mean  between  the  previously  tested  1 
and  3.5  hr  was  chosen  as  the  single  duration.  The  RP/BR  exposure 
concentrations  of  0.75,  1.00  and  1.20  mg/ I  were  used  In  the  first 
study  for  male  rats  and  and  this  range  was  lowered  to  0.40,  0.75 

and  1.0  mg/ I  for  the  second  study  with  female  rats.  The  Increased 
sample  size  of  n»15  used  In  these  two  studies  allowed  us  to 

directly  estimate  the  recovery  effect  ( I « e •  concentration  by 

recovery  Interaction)  and  to  also  obtain  multivariate  test 
statistics  In  addition  to  ths  previously  reported  univariate 
resu  Its . 

4.3.1.  Pulmonary  Response  EAuamfllans. 

Hale  rats  were  exposed  to  filtered  air  or  RP/BR  aerosol  at 
concentrations  of  0.75,  1.00  or  1.20  mg/ I  for  2.25  hr/day,  4 

days/week  for  4  weeks.  Within  one  hour  or  14  days  after  the  last 
exposure  (only  control,  medium  and  high-dose  treatment  groups  were 
Included  In  the  recovery)  the  rats  were  killed,  pulmonary  free 

cells  and  lavage  fluid  were  collected  from  their  lungs  by 
tracheobronchial  lavage  and  a  series  of  assays  were  conducted  on 
the  separated  cells  and  the  iavage  fluid  as  described  In  the 
methodology  section.  Other  rats  from  each  treatment  group  were 
used  for  determination  of  la  vivo  pulmonary  bactericidal  activity. 

The  results  are  summarized  In  Tables  9  through  12.  The  statistical 
evaluation  for  the  main  effects  and  the  ftQSlzhac.  comparisons  are 
described  In  Tables  9  and  10  respectively.  The  means  with 
associated  standard  deviations  for  all  pulmonary  response 
parameters  examined  In  male  rats  Immediately  after  the  last 
exposure  and  after  a  14-day  recovery  period  are  shown  In  Tables  11 
and  12.  Significant  differences  (p<.0>05)  from  the  na&lrilfiC. 
comparisons  are  Indicated  In  Tables  11  and  12. 

The  significant  multivariate  concentration  by  recovery  Interaction 
found  for  these  data  (Table  9)  Indicates  differing  responses  In 
rats  examined  Immediately  after  the  last  exposure  and  those  tested 
after  a  14-day  recovery  period.  Significant  univariate 
Interactions  were  found  for  ug  prote I n/ 1 0^ce I  Is  (p<.0.02), 
ATP/105cells  (p<0.001),  ATP/ug  pcoteln  (p<0.001),  lavage  fluid 
protein  (p<0.008)»  phagocytosis  of  51Cr-CRBC  (p<0.002)  and  the 
activity  of  the  ectoenzyme  APD.  (p<0.02).  In  addition, 
significant  main  effects  of  concentration  were  found  for  tho 
ectoenzyme  activities  of  5*-N  (p£0.001)  and  LAP  (p£0.05)  (Table  9) . 
Subsequently  Individual  post-hoc  comparisons  for  these  parameters 
were  made  (Table  10). 

No  significant  univariate  Interactions  or  main  effects  were 
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observed  for  total  pulmonary  free  cell  yield*  cel Is/g  body  weight*  * 

%  macrophages*  or  %  bactericidal  activity  of  alveolar  macrophages  j 

to  Inhaled  C35]S-&^  pneumpniap*  thus  post-hoc  comparisons  were  not  j 

app  I  icab  I e.  j 

A  review  of  the  date  In  Tables  It  and  t2  demonstrate  that  there 
were  significant  Increases  for  cellular  ATP  levels*  expressed  as 
ATP/cells  or  ATP/proteln*  at  all  three  concentrations  tested 
Immediately  after  the  last  exposure*  Only  ATP/proteln  from  rats 
exposed  to  1.2  mg/ I  RP/BR  remained  significantly  different  from 
control  after  the  recovery  period.  There  was  a  significant 
Increase  In  cellular  protein  levels  measured  after  the  last 
exposure  to  1.2  mg/ I  of  the  aerosol  and  this  effect  was  no  longer 
observed  after  the  recovery  period.  A  significant  Increase  In  the 
protein  level  of  the  pulmonary  lavage  fluid  after  exposures  to  1.2 
mg/ I  also  exhibited  complete  recovery.  (An  increase  In  lung 
protein  Is  usually  ascribed  to  transudation  of  serum  due  to 
capillary  damage*  In  the  absence  of  actual  measurements  of  protein 
types) . 

Significantly  decreased  phagocytosis  observed  In  AM  from. rats  after 
Inhalation  of  1.0  mg/ I  of  RP/BR  was  no  longer  seen  after  recovery. 

The  significant  Increase  In  phagocytosis  shown  In  the  1.2  mg/ I 
treatment  group  after  recovery  Is  an  unrealistically  great  effect 
with  an  unusually  big  standard  deviation  due  to  three  high  outlier 
values  and  should  be  therefore  Ignored*  On  the  other  hand  the  lack 
of  Increases  In  total  cell  counts  and  cell  counts  per  body  weight 
In  the  pulmonary  lavage  of  the  exposed  rats  may  be  attributable  to 
the  high  outlier  values  In  the  control  cell  counts.  If  two  outlier 
values  which  are  skewing  the  means  and  Inflating  the  standard 
deviations  In  the  control  group  were  deleted*  the  mean  +  SD(n)  for 
the  controls  Immediately  after  exposure  would  be  1 3 •  1 2+2 •  6 0 ( 1 3)  for 
total  cells  and  45.50±9.67( 13)  for  total  cel Is/g  BW  respectively 
and  pronounced  Increases  with  exposure  would  be  noticeable  for  both 
parameters . 

When  activities  of  the  plasma  membrane-associated  enzymes 
(ectoenzymes )  of  AM  from  rats  exposed  to  various  concentrations  of 
RP/BR  were  examined  a  dose  dependent  decrease  In  LAP  activity  was 
observed  In  all  treatment  groups  compared  to  controls.  LAP 
activities  of  exposed  rats  were  approximately  90*  76  and  73%  of 

control  values.  After  the  recovery  period  LAP  activity  In  AM  of 
the  1.20  mg/ I -treatment  group  was  still  only  52%  of  control  levels. 

None  of  these  changes  were  significant.  5'-N  activities  were 
significantly  decreased  In  all  treatment  groups  Immediately  after 
the  last  exposure  and  remained  significantly  depressed  following 
the  two  week  recovery  period.  APD I  activities  of  AM  from  rats 
sacrificed  Immediately  following  treatment  remained  near  normal 
levels.  AM  from  rats  recovering  from  1.00  and  1.20  mg/ I  RP/BR 
exposure  had  respectively*  only  50  and  62%  APDI  activity  as 
compared  to  control  values.  These  decreases  were  statistically 
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s  Ign I f leant * 

Thera  were  significant  linear  dose  response  relationships  for 
ATP/cells  (r**0.58),  ATP/protein  (r“0.54),  lavage  protein  (r=0.45) 
and  the  ectoenzyme  5*-N  ( r =  -0*52)  when  these  parameters  were 

determined  immediately  after  the  last  exposure* 

Female  rats  were  exposed  to  filtered  air  or  to  RP/BR  aerosol  at 
concentrations  of  0.40,  0.75#  or  1.00  mg/ I  for  2.25  hr/day,  4 

days/week  for  4  weeks.  Within  one  hour  or  14  days  after  the  last 
exposure  the  rats  were  killed  and  the  same  assays  were  conducted  as 
described  for  the  male  rats.  No  low-dose  animals  were  Included  In 
the  recovery  groups. 

Statistical  evaluation  of  the  data  showed  no  significant 
Interactions  or  main  effects  for  t  macrophages,  in.  v  I  vo 
bactericidal  activity  of  alveolar  macrophages  to  Inhaled  f35lS»K . 
nuftiunealoft,  or  la  v t tro  phagocytosis  of  51Cr-CRBC  indicating  that 
these  experimental  parameters  were  not  affected  by  the  exposures. 

A  significant  multivariate  treatment  by  recovery  Interaction  was 
found  as  shown  In  Table  9,  once  again  Indicating  differing 
responses  in  term inai-sacrlflce  and  recovery-sacrifice  animals. 
Significant  univariate  (one  parameter  at  a  time)  treatment  by 
recovery  Interactions  were  shown  for_  total  cells  (p<.0.004),  ug 
proteln/105cel Is  (p<0.02),  ATP/105cells  (p<0.001),  ATP/ug 
protein  (p<0.001),  total  cells/g  body  weight  (p<0.003),  lavage 
fluid  protein  (p<.0.002)  and  the  ectoenzyme  LAP  (p<,0.003).  In 
addition,  simple  main  effects  of  dosage  were  found  for  the  other 
two  ectoenzymes:  APDI  (pi0.005)  and  5*-N  (p<0.01). 

Post-hoc  comparisons  between  treatment  groups  for  these  parameters 
are  shown  In  Tables  10,  13  and  14?  The  means  and  standard 

deviations  and  significant  differences  <p<0.05)  from  controls  for 
all  experimental  data  determined  after  the  last  exposure  and  after 
the  recovery  period  are  summarized  in  Tables  13  and  14 
respectively.  Total  cell  counts  and  cell  counts  per  body  weights 
were  significantly  Increased  In  the  pulmonary  lavage  from  female 
rats  Immediately  after  exposure  to  0.75  or  1.0  mg/ I ,  while 
differential  counts  remained  unaffected  indicating  unaltered 
cellular  distribution.  Since  97  to  99?  of  the  cells  were 
macrophages  this  means  an  Increased  number  of  AM  In  the  lungs 
following  the  exposures.  After  the  14-day  recovery  period  the 
counts  were  no  longer  different  from  the  controls.  Cellular 
protein  levels  were  significantly  decreased  at  the  corresponding 
concentrations  suggesting  lower  protein  content  In  the  newly 
tnfluxed  cells.  This  effect  also  disappeared  after  recovery. 

ATP/cells  and  ATP/proteln  were  significantly  Increased  Immediately 
after  exposure  to  0.4  or  0.75  mg/ I  of  the  aerosol  end  In  AM  from 
rats  exposed  to  1.0  mg/ I  after  recovery.  Although  the  pattern  of 
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EFFECT  OF  MULTIPLE  EXPOSURES  TO  RP/BR  AEROSOLS  ON 
PULMONARY  OEFENSE  PARAMETERS  OF  FEMALE  SPRAGUE  DAWLEY  RATS 

TESTED  IMMEDIATELY  AFTER  FINAL  EXPOSURE 
[MEAN  AND  STANDARD  DEVIATION  (n)] 
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these  changes  Is  not  entirely  clear  the  general  Increase  In 
cellular  ATP  levels,  also  seen  In  the  AM  of  male  rats.  Indicates  an 
Increased  energy  supply  that  may  be  responsible  for  the  unimpaired 
phagocytic  and  bactericidal  activity  observed  after  these  repeated 

>  exposures.  In  contrast,  after  single  exposures  to  the  same  RP/BR 
aerosol  concentrations  we  measured  highly  significant  decreases  In 
pulmonary  bactericidal  activity  In  past  as  well  as  recent  studies 
(see  Phase  II  Report  dated  December  1983  and  Appendix  B  Study  No. 
79  SC  of  present  report).  This  suggests  the  development  of  an 
adaptation  mechanism  as  a  result  of  the  multiple  exposures  to  the 

>  RP/BR  aerosol.  We  have  made  similar  observations  In  other  multiple 

aerosol  exposure  studies.  (Aranyl  et  al.,  J.  Tox.  Environ. 

Health  15.S  163,  1985) 

A  significant  Increase  In  lavage  fluid  protein  immediately  after 
exposures  to  1.0  mg/I  suggests  pulmonary  cellular  disruption  or 

)  vascular  permeability.  The  significant  decrease  seen  after 

recovery  In  the  1.0  mg/I  treatment  group  Is  most  likely  an  artifact 
resulting  from  the  unusually  high  mean  and  associated  standard 
deviation  for  the  corresponding  control  values. 

In  terms  of  ectoenzyme  activities  LAP  was  decreased  In  AM  from  rats 
exposed  to  1.00  mg/I  RP/BR.  Recovery  animals  regained  normal  AM 
LAP  levels.  LAP  control  values  of  male  rats  are  twice  the  value  of 
female  rats.  This  result  Is  probably  due  to  day-to-day  variation 
In  the  assay  (Morahan  et  al.,  1980)  and  not  Indicative  of  a  true 
difference  In  LAP  activity  between  sexes.  APD1  activity  was 
significantly  Increased  In  AM  f«-om  rats  exposed  to  0.4  mg/l  RP/BR. 

^  There  were  no  significant  changes  after  recovery  although  APD1 

levels  were  slightly  higher  In  rats  recovering  from  RP/BR  exposure 
than  In  the  corresponding  controls.  Rats  breathing  1.00  mg/l  RP/BR 
had  significantly  decreased  5'-N  activity  that  was  approximately 
50)1  of  the  control  level.  Although  most  of  the  5*-N  activity  was 
regained  after  recovery  a  significant  depression  from  control 

*  levels  still  remained. 

Alterations  In  murine  peritoneal  ectoenzyme  levels  have  been 
associated  with  acquisition  of  tumorlcldal  activity  or  change  In 
resident  macrophage  status  (Morahan  et  al.,  J.  Immunol.,  12.5.:  1312, 
1980).  The  plasma  membrane- local Ized  enzyme,  5’N,  has  been 
characterized  as  a  marker  of  macrophage  development  (Edelson, 
Lymphoklnes  is57,  1981).  Resident  macrophages  contain  high  levels 
of  this  enzyme,  while  stimulated  or  activated  macrophages  have 
decreased  levels.  The  decreased  level  of  5*N  has  been  associated 
with  decreased  synthesis  of  enzyme  as  well  as  Increased  membrane 
recycling.  Decreased  levels  of  APD1 ,  another  macrophage 
ectoenzyme,  have  been  associated  with  enhanced  macrophage 
anti-tumor  function  In  peritoneal  macrophages  of  mice.  The 
relationship  of  macrophage  function  to  ectoenzyme  activity  has  not 
yet  been  established  In  rats.  However,  If  the  relationship  In  rat 
alveolar  macrophages  Is  similar  to  that  of  mouse  peritoneal 
macrophages  these  data  Indicate  that  alveolar  macrophages  of  rats 
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exposed  to  RP/BR  aerosol  are  stimulated  and  may  have  enhanced 
anti-tumor  capacity. 

These  data  are  similar  to  the  results  found  In  male  rats  which 
Indicated  that  RP/BR  exposure  may  have  stimulated  rat  macrophages 
as  well  as  enhanced  anti-tumor  capacity. 

A  review  of  the  various  summarized  assay  parameters  (Table  t3) 

measured  Immediately  after  the  last  exposure  generally  shows  dose 
response  trends.  When  evaluated  statistically  the  tests  for  linear 
dose  response  relations  were  significant  for  total  cells  (r*»0.47), 
cells/BW  ( r*0. 47 ) ,  protein/cells  (r»-0.42),  ATP/proteln  (r»0.37>, 
lavage  fluid  protein  (r=0.30),  LAP  (r=-0.38>  and  5»-N  (r=-0.37). 
Although  statistically  significant  none  of  these  effects  are 

particularly  striking. 

4.3.2.  &±£n4fltd 

Male  and  female  rats  were  exposed  to  filtered  air  or  RP/BR  aerosol 
as  previously  described.  Treatment-related  clinical  observations 
were  wheezing  and/or  labored  breathing  (20/132)  and  hunched  posture 
(3/132)  for  several  male  rats  at  the  high  dose.  No 

treatment-related  clinical  signs  were  apparent  for  the  female  rats 
exposed  to  RP/BR.  Discharge  from  the  eye(s),  nose  and  mouth  was 
recorded  for  a  few  rats  of  both  sexes  at  al  I  dose  levels  and 
control  groups. 

Mortality:  In  the  study  with  male  rats  16  out  of  132  died  In  the 

high  exposure  group.  The  original  target  concentration  for  the 

high  dose  was  1.3  mg/ 1 ,  however  on  the  first  day.  In  one  exposure 
chamber  holding  74  rats,  the  RP/BR  concentration  was  accidentally 
Increased  to  1.65  mg/ 1  for  70  minutes  of  the  2.25  hr  exposure 
period  and  subsequently  was  readjusted  to  1.3  mg/I  for  the 

remaining  65  minutes.  On  the  following  day  the  concentration  In 
this  chamber  was  maintained  at  the  targeted  1.3  mg/I.  Because  of 
mortalities  occurring  during  the  first  two  days,  the  concentration 
was  lowered  on  Day  3  to  1.2  mg/I  for  the  remaining  14  exposures. 
By  the  completion  of  the  studies  a  total  of  12/74  or  16.2?  of  the 
rats  died  that  were  exposed  In  this  chamber,  eight  of  these  after 
the  first  two  exposures.  According  to  the  staggered  exposure 
schedule,  exposures  were  also  started  on  Day  2  at  1  .3  mg/I  in  a 
second  chamber  for  58  additional  rats  and  were  continued  after  Day 
3  with  15  exposures  to  1.2  mg/I.  From  this  group  3/58,  or  5.2?  of, 
the  rats  died  but  only  one  of  these  dted  after  the  single  exposure 
to  1.3  mg/I.  The  ten  rats  that  died  during  the  first  three  days  of 
exposures  were  replaced  on  Days  3  and  4  with  rats  of  similar  body 
weight  (as  determined  at  randomization),  therefore  these  animals 
have  never  been  exposed  to  concentrations  higher  than  1.2  mg/I  and 
received  a  maximum  of  14  exposures.  One  of  these  animals  died 
representing  1?  of  this  treatment  group.  Thus  these  data 
demonstrate  that  the  short  accidental  exposure  to  1.65  mg/ I 
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produced  a  high  Increase  In  mortality  as  can  be  seen  from  the  16.2} 
relative  to  5.2}  mortality  values  observed  among  rats  that  were 
exposed  In  the  two  chambers.  The  effect  of  1*3  versus  1.2  mg/ 1  Is 
difficult  to  evaluate  since  there  were  not  enough  exposure  days  at 
1  *  3  mg/  I . 

In  the  study  with  female  rats  where  the  highest  dose  was  1*0  mg/ 1 
and  no  concentration  overrun  occurred*  one  out  of  131  (0*8}) 
animals  died  following  eight  exposures  to  0.73  mg/ 1  *  the  medium 
dose  of  RP/BR. 

Necropsy  and  h Istopatho logy  of  these  rats  that  died  as  a  result  of 
the  exposures  showed  that  most  of  them  had  congestion  of  the  nasal 
turbinates*  lung*  liver  and  Kidneys  as  can  be  expected  In  animals 
that  were  not  exsanguinated  at  the  time  of  death.  For  further 
details  see  the  end  of  this  section  and  Appendix  C. 

Body  weights:  For  the  male  rats  there  were  decreases  In  ’body 
weights  and  In  body  weight  gains  tn  almost  all  treatment  groups. 
These  changes  were  generally  consistent  for  the  rats  designated  for 
assays  following  the  last  exposure  (Tables  15  and  17)  and  the 
recovery  animals  (Tables  16  and  18).  The  decreased  body  weights 
and  body  weight  gain  were  seen  at  all  exposure  levels  from  the 
onset  of  the  second  week  of  exposures  (Test  Day  8)  throughout  the 
exposure  period.  After  14  days  of  recovery  body  weights  were 
similar  for  control  animals  and  those  exposed  to  1.0  mg/ I . 
Although  a  statistically  significant  reduction  In  absolute  and 
relative  body  weights  compared  to  controls  was  still  apparent  at 
the  end  of  the  recovery  period  for  rats  at  the  1.2  mg/ I  exposure 
level*  these  rats  gained  as  much  weight  as  the  controls  from  the 
final  exposure  through  the  end  of  the  recovery  period  (Test  Day 
39) . 

Exposure  of  female  rats  to  RP/BR  aerosol  did  not  appear  to  affect 
body  weight.  Similar  values  were  In  general  observed  for  control 
and  treated  rats  at  all  time  points  tested  (Tables  19  and  20). 
Statistically  significant  differences  were  however  seen  when  body 
weight  gains  were  analysed  (Tables  21  and  22).  This  was  apparently 
due  to  a  significantly  lower  mean  body  weight  for  the  control 
animals  on  Test  Day  1  and  not  due  to  aerosol  exposure. 

Food  consumption:  A  reduction  In  food  Intake  prior  to  the  last 
exposure  was  observed  for  the  male  rats  at  the  1.0  and  1.2  mg/ I 
exposure  levels*  however  It  was  not  seen  after  the  recovery  period 
(Table  23).  Food  consumption  did  not  appear  to  be  affected  tn 
female  rats  by  exposure  to  RP/BR  aerosol  (Table  24). 

Results  for  clinical  pathology  ere  summarized  In  Tables  25  through 
36.  The  statistical  evaluation  for  the  main  effects  and  the 
ppsfrhoc  comparisons  for  hematology  and  clinical  chemistry  are 
described  tn  Tables  25  through  28.  The  means  with  associated 


I  IT  RESEARCH  INSTITUTE 


59 


frrcct  or  multiple  exposures'’  to  rp/bp  aerosols  om 
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EFFECT  OF  MULTIPLE  EXPOSURES3  TO  RP/BR  AEROSOLS  ON 
WEEKLY  BOOT  WEIGHT  GAINS  <G)  OF  FEMALE  SPRAGUE  OAWLEY  RATS 
TESTED  THROUGHOUT  THE  EXPOSURE  PERIOD 
[MEAN  AND  STANOARD  DEVIATION  (n)J 
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STATISTICAL  OATA  FOR  MAIN  TREATMENT  EFFECT  AND  TREATMENT  BY  RECOVERY  INTERACTION 


SIGNIFICANT  EOST-HOC  COMPARISONS  FROM  THE  STATISTICAL  EVALUATION  OF  HEMATOLOGT  PARAMETERS 

TESTED  IN  STUDIES  79-S  AND  79-SF 


CL  IN (CAL  CHEMISTRY 

MENT  EFFECT  AND  TREATMENT  BY  RECOVERY  INTERACTION 


SIGNIFICANT  POST-HOC  COMPARISONS  FROM  THE  STATISTICAL  EVALUATION  OF  CLINICAL  CHEMISTRY  PARAMETERS 

TESTED  IN  STUDIES  79-S  AND  79-SF 
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standard  deviations  for  all  clinical  pathology  data  Immediately 
after  the  last  exposure  and  after  a  14  day  recovery  period  are 
shown  In  Tables  29  through  36* 

Hematology:  For  male  rats  tested  Immediately  after  the  final 
exposure  statistically  significant  Increases  In  hematocrit*  RBC, 
and  hemoglobin  concentration  were*  In  general*  seen  at  all  exposure 
levels  of  the  RP/BR  aerosol.  The  greatest  response  however 
occurred  at  the  lowest  level*  0.75  mg/ I ♦  As  the  dose  Increased*  a 
lesser  response  was  seen.  This  "dose-rolatedM  phenomenon  was  also 
apparent  for  the  observed  leukopenia.  The  relative  proportion  of 
WBC  cell  types  were  however  similar  among  all  groups.  Platelets 
counts  were  similar  between  control  and  high  exposure  level 
animals.  The  observed  decrease  In  platelet  counts  for  animals 
exposed  to  the  low  or  medium  levels  was  apparently  due  to  a 
technical  problem  In  the  counting  procedure.  The  platelet  samples 
for  these  animals  were  counted  after  the  recommended  time  between 
setup  and  analysis  (Table  29).  '< 

None  of  the  above  mentioned  changes  were  seen  when  male  rats  were 
subsequently  tested  14  days  post-exposure.  All  hematology 
parameters  were  similar  for  control  and  treated  males  with  the 
exception  of  WBC  counts.  Although  leukocytosis  was  seen  at  the  two 
exposure  levels  tested*  1.0  and  1.2  mg/ 1  *  a  greater  response  at  the 
lower  level  was  observed.  The  relative  proportion  of  WBC  cell 
types  were  again  similar  among  control  and  treated  male  rats  (Table 
30)  . 

For  female  rats  RBC  counts  and  hemoglobin  levels  were  significantly 
increased  for  non-recovery  rats  exposed  to  0.75  but  not  1.0  mg/ I 
(Table  31).  These  changes  were  still  apparent  when  the  recovery 
animals  were  tested  (Table  32).  The  hematocrit  was  elevated  at  all 
exposure  levels  for  both  the  non-recovery  and  recovery  rats. 
Animals  exposed  to  0.75  mg/ I  demonstrated  the  greatest  change 
relative  to  controls.  Lymphocytosis  was  also  apparent  at  this 
exposure  level  for  both  the  rats  sacrificed  following  the  last 
exposure  and  after  14  days  recovery. 

Clinical  Chemistry:  For  the  male  rats  hyperglycemia  and  elevated 
serum  sodium  levels  were  apparent  at  the  0.75  and  1.0  mg/ I  exposure 
levels.  Although  serum  glucose  levels  were  somewhat  higher  for 
males  at  the  1.2  mg/ I  level  compared  to  controls*  this  Increase  was 
not  statistically  significant.  A  slight  Increase  In  serum 
potassium  was  also  observed  at  the  lowest  dose  tested.  Slight 
reductions  In  BUN  and  serum  cholesterol  levels  were  seen  at  all 
exposure  levels  although  dose-response  relationships  were  not 
apparent.  Although  total  protein  levels  were  unaffected  by 
exposure  to  RP/BR  aerosol*  serum  globulin  levels  were  reduced  with 
the  albumln/globu I  In  ratio  Increased  at  all  exposure  levels  (Table 
33)  . 
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HEMATOLOGY 
INAL  EXPOSURE 


EFFECT  OF  MULTIPLE  EXPOSURES3  TO  RP/BR  AEROSOLS  ON  HEMATOLOGY 

OF  MALE  SPRAGUE  OAMLEY  RATS  TESTED  U  OATS  POST-EXPOSURE 
(MEAN  AND  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  MULTIPLE  EXPOSURES  TO  RP/BR  AEROSOLS  ON  HEMATOLOGY 
OF  FEMALE  SPRAGUE  DAWLEY  RATS  TESTED  IMMEDIATELY  AFTER  FINAL  EXPOSURE 
[MEAN  AND  STANDARD  DEVIATION  (n) ] 


EFFECT  .  •  MULTIPLE  EXPOSURES 
OF  FEMALE  SPRAC.UE  OAWt  •"¥  R 
(MEAN  ANO  STAN 


multiple  exposures  to  rp/br  aerosols  on  clinical  chemistry 
SPRAGUE  DAWLEY  RATS  TESTED  IMMEDIATELY  AFTER  FINAL  EXPOSURE 
[MEAN  AND  STANOARO  DEVIATION  (n)l 


EFFECT  OF  MULTIPLE  EXPOSURES9  TO  RP/8R  AEROSOLS  ON  CLINICAL  CHEMISTRY 
nr  MALE  SPRAGUE  DAWLFY  RATS  TESTED  14  OAVS  POST-EXPOSURE 
[MEAN  AND  STANDARD  DEVIATION  (n)} 
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•  «  SIGNIFICANTLY  FROM  CONTROL  GROUP 
.25  HR/OAY  ON  4  CONSECUTIVE  DAYS  FOR  4  WEEKS 


EFFECT  OF  MULTIPLE  EXPOSURES  TO  RP/BR  AEROSOLS  ON  CLINICAL  CHEMISTRY 
OF  FEMALE  SPRAGUE  DAWLEY  RATS  TFSTFD  IMMEDIATELY  AFTER  FINAL  EXPOSURE 
[MEAN  AND  STANDARD  DEVIATION  Y  n) J 
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SIGNIFICANTLY  DIFFERENT  FROM  CONTROL  GROUP 
HR/DAY  ON  4  CONSECUTIVE  OAYS/WEEK  FOR  4  WEEKS 


EFFECT  OF  MULTIPLE  EXPOSURES  TO  RP/BR  AEROSOLS  ON  CLINICAL  CHEMISTRY 
OF  FEMALE  SPRAGUE  DAWLEY  RATS  TESTED  14  DAYS  POST-EXPOSURE 
[MEAN  AND  STANDARD  DEVIATION  (rt)] 
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When  male  rats  were  tested  14  days  post-exposure,  the  changes 
discussed  above  were  no  longer  apparent  vtvh  the  exception  ot  the 
globulin  and  subsequent  A/G  ratio  changes  at  the  1.2  mg/I  level. 
In  addition*  slight  reductions  In  BUN  were  still  observed  at  the 
exposure  levels  tested.  Although  not  previously  seen  after  the 
final  exposure*  serum  alkaline  phosphatase  levels  showed  a 
dose-related  Increase  at  the  recovery  sampling  time  (Table  34). 

In  female  rats  serum  alkaline  phosphatase  levels  were  reduced* 
compared  to  control  animals*  for  sacrifice  rats  at  the  1.0  and 
probably  at  the  0.75  mg/ 1  exposure  level  (Table  35)  •  By  contrast* 
recovery  rats  at  these  levels  showed  slight  Increase  relative  to 
controls  (Table  36).  Slight  reduction  In  total  and  direct 
bilirubin  were  seen  for  sacrifice  but  not  recovery  rats  at  the  0.75 
but  not  1.0  mg/ I  exposure  level.  The  lack  of  dose-response 
relationship  suggests  that  this  may  be  a  spurious  observation. 
Serum  cholesterol*  triglyceride*  and  BUN  levels  were  significantly 
decreased  for  the  sacrifice  animals.  Following  the  recovery 
period*  dose-related  reductions  for  these  parameters  were  still 
evident.  No  other  clinical  chemistry  variables  appeared  to  be 
altered  following  exposure  to  RP/BR. 

Statistically  significant  linear  dose  response  relationships  were 
found*  when  measured  Immediately  after  the  last  exposure*  In 
clinical  pathology  for  RBC  (r*=0.48)*  MCV  (rc-0.46),  MCH  (rrt-0.43)» 
BUN  (r=-0.45),  and  Cholesterol  (r=-0.66)  In  male  rats  and  for  RBC 
(r=0,42) *  HGB  (r  =  0.32),  HCT  (r=0.42)  and  MCHC  (r*-0.32)  In  female 
rats.  Although  significant*  even  the  largest  coefficients  are  not 
particularly  Impressive. 

Necropsy  and  h I stopat ho  I ogy  observations:  Detailed  reports  on 
h I stopatho I ogy  Including  incidence  tables  prepared  by  Dr.  W. 
Iverson  of  EPL,  consultant  pathologist  and  on  necropsy  and  gross 
pathology  observations  prepared  by  Dr.  V.  Rac*  staff  pathologist 
are  Included  In  Appendix  C.  A  brief  summary  of  the  main  results 
fo I  lows  . 

In  Study  No.  79  In  which  male  rats  were  exposed  to  0.4*  0.75,  or 
1.0  mg/ 1  RP/BR  aerosols  for  1  or  3.5  hr  per  day*  2  or  4  times  per 
week  for  4  weeks*  treatment-related  gross  necropsy  lesions  In  the 
lungs*  red  discoloration  with  varying  patterns  of  distribution, 
were  found  In  rats  necropsied  Immediately  after  the  last  exposure 
but  not  In  the  recovery  groups.  The  small  group  size  makes  It 
difficult  to  determine  whether  these  observed  lesions  were 
significantly  affected  by  varying  exposure  concentrations, 
frequency  or  duration  of  the  exposure. 

H I s topatho l og lea  I  I y  no  treatment  related  changes  were  seen  In  the 
nasal  turbinates*  trachea  or  pulmonary  lymph  nodes.  In  addition* 
heart*  eyes*  kidneys*  adrenals*  liver*  esophagus*  stomach*  duodenum 
and  urinary  bladder  were  free  of  treatment-r e I ated  changes. 
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Changes  were  seen  In  the  lung*  however*  where  the  primary  lesion 
was  terminal  bronchlolar  fibrosis  which  first  became  evident  when 
the  rats  were  exposed  to  0*4  mg/ 1  of  aerosol  for  3*5  hr/day  for  4 
consecutive  days*  The  lesion  Increased  In  Incidence  and  severity 
with  Increased  concentrations  and  length  of  exposure  and  did  not 
exhibit  recovery  during  the  14-day  holding  Interval  after  exposure. 

Hasson's  trlchrome  special  stain  was  used  to  confirm  and  grade  the 
amount  of  collagen  In  the  terminal  bronchioles  and  associated 
alveoli  In  the  affected  animals*  The  results  Indicate  that  part* 
but  not  all#  of  the  thickening  of  the  terminal  bronchioles  and 
associated  alveoli  was  due  to  fibrosis  -  the  formation  of  new 
collagen  fibers  In  excess  of  what  would  normally  be  present*  One 
additional  pulmonary  lesion  which  may  be  treatment-related  was  the 
peribronchiolar  and  perivascular  Infiltration  of  eosinophils. 

In  Study  No*  79S*  male  rats  were  exposed  to  0.75*  1.0  or  >1.2  mg/ I 
RP/BR  aerosols  for  2.25  hr  per  day*  4  consecutive  days  per  week  for 
4  weeks.  In  this  study  no  treatment-related  gross  lesions  were 
observed  In  scheduled  necropsies.  In  rats  that  died  spontaneously 
after  exposure  of  the  highest  concentration*  gross  morphologic 
lesions  were  confined  to  red  fluid  In  the  thoracic  cavity*  red 
discoloration  of  various  Intensity  and  distribution  In  the  lungs* 
and  dark  red  liver*  Congestion  of  the  lungs*  nasal  turbinates* 
liver  and  kidneys  was  seen  microscopically  In  these  rats#  as 
expected  In  animals  not  exsanguinated  at  the  time  of  necropsy. 

HI stopatholog leal  1 y  all  treated  animals*  both  terminal  and  recovery 
sacrifices*  had  lung  lesions  described  as  mild  to  moderate  terminal 
bronchlolar  fibrosis.  The  lesion  was  more  severe  In  animals  that 
received  >1.2  mg/ 1  and  In  rats  recovering  from  1.0  mg/ 1  RP/BR  than 
those  exposed  to  lower  doses.  Examination  of  lungs  from  selected 
animals  Indicated  that  fibrosis*  as  evidenced  by  a  Masson's 
trlchrome  stain#  was  a  component  of  the  terminal  bronchlolar 
fibrosis  previously  Identified  In  the  study.  As  the  thickening* 
which  comprised  this  lesion  became  more  severe*  Increased  amounts 
of  collagen  were  present  In  these  areas.  Fourteen  days  after  the 
final  exposure*  several  of  the  animals  recovering  from  exposure  to 
the  two  higher  dosage  levels  had  a  slight  Increase  In  Inflammation 
of  the  posterior  nasal  turbinates  relative  to  controls.  There  were 
no  treatment-related  changes  observed  in  any  other  tissues. 

In  Study  No.  79-SF*  female  rats  were  exposed  to  0.4*  0.75#  or  1.0 
mg/ 1  RP/BR  aerosols  for  2.25  hr  per  day*  4  consecutive  days  per 
week  for  4  weeks.  No  treatment-related  gross  lesions  were  found  In 
rats  In  any  of  the  necropsies.  Once  again  the  primary 
treatment-related  change  seen  histologically  was  In  the  lung  and 
was  diagnosed  as  minimal  to  mild  terminal  bronchlolar  fibrosis. 
These  changes  were  seen  In  rats  that  were  exposed  to  0.75  or  1.0 
mg/ 1  but  not  In  those  that  received  0.4  mg/ 1  of  the  RP/BR  aerosols. 
The  lesion  was  slightly  more  severe  In  the  high  dose  animals*  and 
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once  again  was  due,  in  both  the  0.75  and  1.0  mg/ I  exposure  groups, 
to  the  formation  of  new  collagen  fibers  in  excess  of  what  would 
normally  be  present.  Fibrosis  does  not  account  for  all  of  the 
thickening  seen  In  the  changes  designated  "terminal  bronchlolar 
fibrosis".  A  treatment-related  Increase  In  peribronchiolar 
eosinophilic  Infiltrate  appeared  to  regress  during  the  14-day 
recovery  period.  No  treatment-related  changes  were  found  In  the 
tissues  examined  outside  of  the  respiratory  tract. 
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The  studies  which  examined  the  behavioral  effects  of  RP/BR  aerosols 
have  been  consistent  In  Indicating  either  significant  Increases  In 
locomotor  activity  In  the  residential  maze  or  trends  In  that 

direction.  .  The  most  pronounced  effect  was  seen  when  groups  of  15 

male  rats  were  exposed  to  concentrations  of  0.75,  1.0  and  1.2  mg/ I 

for  2.25  hr/day  on  4  consecutive  days  for  4  weeks.  In  this  study, 
there  was  no  Interaction  between  treatment  and  recovery'  for 
neurobehav (oral  parameters  by  either  the  multivariate  or  univariate 
analyses,  however,  the  multivariate  analysis  yielded  a  significant 
effect  of  treatment  (p<0.001).  The  treatment  effect  was 
significant  for  the  univariate  analysis  for  all  three  locomotor 

activity  parameters  (p<0.001).  Immediately  following  exposure, 
activity  of  all  treatment  groups  was  elevated  compared  to  control 
values  when  activity  for  the  total  20  min  period  was  considered 
(Figure  1).  All  treatment  groups  also  had  activity  levels  higher 
than  control  values  when  the  first  10  min  of  activity  measurement 
was  analyzed  separately  (Table  37).  In  addition  for  the  second 
10-mln  of  the  activity  measuring  session,  male  rats  In  high  and  low 
dose  groups  were  significantly  more  active  than  controls  and  the 
value  for  the  middle  dose  group  fell  Just  short  of  significant 
elevation.  The  effect  of  RP/BR  aerosols  on  locomotor  activity  of 
male  rats  persisted  through  recovery.  Considering  the  total  20-mln 
session,  the  dose-response  curve  for  recovery  was  essentially 
parallel  to  that  obtained  Immediately  following  exposure  (Figure 
1).  As  this  Is  the  case,  the  higher  activity  counts  at  recovery 
for  both  control  and  treated  groups  are  most  likely  due  to  the  fact 
that  the  animals  were  2  weeks  older.  The  statistical  analysts 
Indicated  significant  elevations  at  recovery  f*-v  all  3  activity 
measures  at  1.0  mg/ I  and  during  the  first  10  min  and  total  of  20 
min  at  1.2  mg/ I  (Table  38).  Expressed  as  a  percentage  of  control 
activity,  the  mean  values  for  male  treated  groups  were  3J  to  60$ 
higher  than  control  values  Immediately  following  exposure  and 
approximately  30  to  40$  higher  at  the  recovery  evaluations. 

For  female  rats  exposed  to  RP/BP  aerosol  concentrations  of  0.4, 
0.75,  and  I .0  mg/I,  the  results  of  the  multivariate  analysis  was 
not  significant  for  either  treatment  or  the  treatment  by  recovery 
Interaction.  Under  the  statistical  procedures  utilized,  this  would 
preclude  consideration  of  the  univariate  analyses.  However,  In 
that  significant  effects  on  locmotor  activity  were  observed  In  male 
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EFFECT  OF  MULTIPLE  EXPOSURES  TO  RP/BR  AEROSOLS  ON 
NEUROBEHAV I ORAL  ACTIVITY  OF  MALE  SPRAGUE  OAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE 
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rats*  It  seams  appropriate  to  note  that  the  univariate  analyses  of 
those  variables  related  to  locomotor  activity  In  females  Indicated 
a  significant  treatment  effect  for  the  total  20-mln  activity 
measuring  session  (p<0.01)  and  for  each  of  the  10-mln  segments 
(p<0.05).  Activity  was  elevated  Immediately  following  exposure  for 
the  group  of  females  exposed  to  0.4  mg/ I  (lowest  concentration)  for 
both  activity  measurment  segments  and  for  the  group  exposed  to  1.0 
mg/ 1  (highest  concentration)  for  the  second  10-mln  segment  (Table 
39).  Expressed  as  a  percentage  of  control  activity*  the  mean 
values  for  female  treated  groups  ranged  from  12$  to  53 t  higher 
with*  as  noted  above*  the  low  dose  group  being  more  affected. 
Neither  of  the  groups  tested  at  recovery  showed  any  effect  of 
exposure  to  RP/BP  aerosols  (Table  40). 

None  of  the  other  ne'robehev  (oral  parameters  Indicated  consistent 
effects  although  there  were  occasional  Instances  of  either  a 
significant  parameter  In  the  univariate  analysis  or  In  post-hoc 
comparisons  where  the  preceding  analysis  failed  to  yield 
significant  results.  These  are  considered  cases  of  spurious 
significance.  Tables  37-40  also  show  mean  values  for  all 
neurobohav lora I  parameters  considered  for  both  male  and  female 
rats. 

The  results  of  the  overall  statistical  evaluation  and  the  following 
significant  post-hoc  comparisons  are  summarized  In  Tables  41  and  42 
respect  I vel y . 

4.3.4.  Saaftiic.  tUc.noaut.UiLs.  Analysis 

A  micronucleus  (MN)  analysis  was  performed  on  bone  marrow 
polychromatic  erythrocytes  (PCE)  and  normachromat Ic  erythrocytes 
(N)  and  on  circulating  red  blood  cells  (RBC)'of  filtered  air-  and 
1.0  mg/ I  RP/BR-exposed  female  rats  after  8  and  16  exposures  and 
after  a  two-week  recovery  period  following  16  exposures. 

Mlcronuclel  form  In  response  to  clastogenlc  events*  As  an  assay 
for  detecting  clastogens*  MN  are  usually  counted  In  the 
polychromatic  erythrocytes  from  bone  marrow  and  In  circulating 
RBC’s  In  mice.  The  RBC-MN  assay  Is  not  usually  performed  on  rats 
since  It  Is  generally  understood  that  the  MN  are  efficiently 
removed  from  the  RBC  by  their  spleens.  We  performed  the  assay  on 
bone  marrow  cells  and  on  RBC  In  rats  as  a  test  of  this  dictum  and 
to  determine  If  RP/BR  aerosol  Is  a  clastogen. 

Due  to  the  small  sample  on  which  the  genetic  toxicology  parameters 
were  measured,  multivariate  tests  of  the  hypotheses  were  not  used 
because  of  their  extremely  limited  power  under  such  conditions.  In 
light  of  this,  differences  between  control  and  high  dose  animals 
were  reported  as  f-stetlstlcs  only  (l.e.  post-hoc  comparisons). 

A  statistically  significant  clastogemc  response  was  measured  In 
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EFFECT  OF  MULTIPLE  EXPOSURES  TO  RP/BR  AEROSOLS  ON 
NEUROBEHAVIORAL  ACTIVITY  OF  FEMALE  SPRAGUE  OAMLEY  RATS 
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both  bone  marrow  and  R8C  of  rats  that  received  8  Inhalation 
exposures  to  1.0  mg/ I  of  RP/BR  aerosol  for  2.25  hr  over  a  2-week 
period.  However*  no  significant  clastogenlc  response  was  found 
after  16  exposures  over  a  4-week  period  or  after  a  2-week  recovery 
period  following  the  16  exposures  (Tables  43  and  44  and  Figures  2 
and  3). 

The  results  Indicate  that  RP/BR  aerosol  Is  a  weak  clastogen  for 
female  Sprague-Daw ley  rats.  However*  the  negative  results  found 
after  16  exposures  and  after  the  2-week  recovery  period  suggest 
that  the  rats  recruit  biochemical  pathways  to  detoxify  and  clear 
the  genotoxtc  fractions  and  that  under  the  exposure  regimen  used* 
the  adaptation  Is  In  effect  after  16  exposures.  The  negative 
response  after  the  recovery  period  also  Indicates  that  there  Is  not 
a  delayed  response  2-weeks  following  the  exposure.  Since 
equivalent  results  were  found  using  RBC  or  bone  marrow  cells*  It 
suggests  that  female  Sprague-Daw ley  rats  may  not  remove  MN  from  RBC 
as  efficiently  as  other  strains*  and/or  that  the  RP/BR  exposure 
altered  the  biology  of  the  spleen  such  that  MN  were  not  removed 
and/or  that  the  dictum  that  rat  spleens  remove  MN  from  RBC  Is  not  a 
generalized  phenomena  In  rats.  The  low  number  of  MN  In  the 
normocytes  Indicates  that  the  artifact  problem  common  with  the  rat 
bone  marrow/G I emsa  technique*  was  resolved  with  the  Acridine  Orange 
staining  technique.  Therefore*  the  conclusion  Is  that  the  positive 
response  found  after  8  exposures  Is  real  and  not  artl factual. 


5.  SUMMARY  CONCLUSIONS 


Combinations  of  exposure  concentrations*  durations  and  frequencies 
were  tested  In  four-week  Inhalation  exposures  followed  by  two  weeks 
of  recovery  to  define  the  most  suitable  conditions  for  this 
Investigation  and  to  select  the  most  sensitive  biologic  response 
parameters  for  the  subsequent  subchronic  studies.  Response  surface 
modeling  was  used  for  the  experimental  design  and  statistical 
analysis  of  the  data.  Results  of  preliminary  testing  suggested 
that  exposure  duration  and  frequency  did  not  have  major  effects. 
Subsequently  male  and  female  Sprague-Daw ley  rats  were  exposed  In 
separate  studies  to  RP/BR  aerosols  ranging  from  0.40  to  1.20  mg/ I 
(0.40*  0.75  and  1.0  mg/ I  for  females  and  0.75*  1.0  and  1.2  mg/I  for 
males)  or  to  filtered  air  for  2.25  hr/day  on  four  days/week  for 
four  weeks.  Aerosol  exposure  monitoring  data  demonstrated  well 
maintained  target  concentrations  and  excellent  particle  size 
stab  1 1 1 ty . 

During  the  exposure  period*  wheezing  and  labored  breathing  were 
observed  In  male  rats  exposed  to  the  high  dose.  Decreased  body 
weights*  body  weight  gains  and  reduced  food  consumption  seen  In 
male  rats  only  at  all  concentration  levels  during  the  exposures 
returned  to  normal  after  the  recovery  period.  Although  an  overall 
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Figure  2 


MICRONUCLEI  IN  BONE  MARROW  POLYCHROMATIC 
ERYTHROCYTES  OF  FEMALE  SPRAGUE-DAWLEY  RATS 
FOLLOWING  INHALATION  EXPOSURE  TO  RP/BR  AEROSOL 


k- 


0 


2a  **b  2Rc 

Weeks 


o  negat ive  control 
A  exposed  animals 

a  8  exposures  of  1.0  mg/1  RP/BR  for  2.25  hr/exposure 
b  16  exposures  of  1.0  mg/1  RP/BR  for  2.25  hr/exposure 
c  2  week  recovery 
MN  Micronucleus 
PCE  Polychromatic  erythrocyte 
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Mean  MN/1000  RBC 


Figure  3 


MICRONUCLEI  IN  RED  BLOOD  CELLS  OF  FEMALE  SPRAGUE -DAWLEY  RATS 
FOLLOWING  INHALATION  EXPOSURE  TO  RP/BR  AEROSOL 


2a  *b  2Rc 


We  eks 

o  negative  control 
A  exposed  animals 

a  8  exposures  of  I  A  mg/1  RP/BR  for  2,25  hr/exposure 

b  16  exposures  of  1.0  mg/1  RP/BR  for  2.25  hr/exposure 

c  2  week  recovery 

MN  Micronucleus 
RBC  Red  blood  cells 
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mortality  of  12.1  %  was  observed  In  male  rats  exposed  to  the  high 
dose  (1.3  and  1.2  mg/ 1  for  two  and  14  days,  respectively),  this  was 
duo  to  a  70-mlnute  concentration  overrun  to  1.65  mg/ 1  of  RP/BR  In 
one  of  the  chambers  on  the  first  day  of  the  exposures.  The  5.2% 
value  observed  In  a  second  chamber  reflects  the  effect  of  the 
exposure  more  realistically.  In  female  rats  only  a  single  death 
was  observed  during  the  entire  study  and  this  0.8$  mortality 
occurred  In  the  medium  (0.75  mg/ I )  dose,  y 

Various  biological  endpoints  were  examined  Immediately  after  the 
last  exposure.  and  for  selected  treatment  groups  after  a  14-day 
recovery  period*  Although  some  statistically  significant  effects 
were  found  for  clinical  pathology,  most  of  these  were  biologically 
non-significant  due  to  their  absolute  value  being  within,  or  close 
to  the  published  normal  ranges.  The  most  consistent  changes  were 
decreases  for  BUN  and  cholesterol  levels  In  rats  of  both  sexes  and 
In  tr  I  g  I  leer  Ides  for  female  rats  only,  with  the  latter  two 
parameters  showing  partial  recovery.  However,  no  treatment-related 
h I stopathologlca I  changes  were  found  In  any  tissue  outside  the 
respiratory  tract. 

Examination  of  the  pulmonary  free  cells  collected  by  lung  lavage 
(97-99%  were  alveolar  macrophages)  showed  an  increase  or  an 
Increasing  trend  In  total  numbers,  increased  cellular  ATP  levels 
and  decreased  ectoenzyme  activity  for  5 'nuc I eot I dase  after  most  of 
the  RP/BR  exposures  of  both  sexes*  suggesting  Increased  energy 
levels  as  well  as  potential  activation  for  the  macrophages. 
Protein  levels  In  the  lavage  fluid  were  elevated  after  the  high 
doses.  Pulmonary  bactericidal  activity  to  Inhaled 

f 3  5lS-K .pneumoniae  was  not  affected  by  the  exposures  In  either  of 
the  sexes.  H  Istopatho I og lea  I  I y  mild  to  moderate  terminal 

broncheolar  fibrosis  was  found  In  rats  of  both  sexes  exposed  to  the 
medium  and  high  doses.  Except  for  the  fibrosis  and  the 
5 'nucleotidase  activity  most  of  these  changes  were  reversible. 

Of  the  neurobehav  lora I  parameters  examined  only  locomotor  activity 
was  significantly  affected  by  treatment  with  RP/BR  aerosols*  Male 
rats  showed  Increased  motor  activity  at  all  concentrations  and 

Incomplete  recovery  after  two  weeks  at  some  concentrations.  In 

females  there  was  a  trend  toward  increased  activity  but  no  evidence 
of  effects  after  the  recovery  period.  None  of  the  other  behavioral 
endpoints  were  altered  by  the  exposures. 

In  female  rats  only  a  micronucleus  analysis  was  performed  on  bone 
marrow  polychromatic  erythrocytes  and  normachromat Ic  erythrocytes 
and  on  circulating  red  blood  ceils.  The  assays  were  performed  on 
animals  exposed  for  two  or  four  weeks  and  after  a  two-weok  recovery 
period  following  four  weeks  of  exposures.  The  results  showed  a 
significant  clastogenlc  response  In  both  bone  marrow  and  RBC  of 
rats  that  were  exposed  for  two  weeks  to  the  RP/BR  aerosol.  No 

effects  were  found  after  four  weeks  of  exposures  or  after  a 
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two-week  recovery  period  following  the  four  weeks  of  exposures 
suggesting  that  the  rats  recruit  biochemical  pathways  to  detoxify 
and  clear  the  genotoxtc  fractions  and  an  adaptation  Is  In  effect. 
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EFFECT  OF  TWO  CONSECUTIVE  DAILY  3.5-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(F1/D2>  OH  PULMONARY  DEFENSE  PARAMETERS  OF  MALE  SPRAGUE  OAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE? 

{ ME  AN  AND  STANDARD  DEVIATION  (n)J 
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EFFECT  OF  FOUR  CONSECITT  'E  DAILY  3.5-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(F2/02)  ON  PULMONAR>  DEFENSE  PARAMETERS  OF  MALE  SPRAGUE. DAWLEY  RATS 
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EFFECT  OF  TWO  1-HR  RP/BR  AEROSOL  FXPOSURES  SEPARATED  BY  A  2-DAY  INTERVAL 
(F3/01)  ON  PULMONARY  DEFENSE  PARAMETERS  OF  MALE  SPRAGUE^DAWLEY  RATS 
TESTEO  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE0 
(MEAN  ANO  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  TWO  CONSECUTIVE  DAILY  1-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(F1/D1)  ON  NEUROBEHAVIORAL  ACTIVITY  OF  MALE  SPRAGUE  PAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE” 

(MEAN  AND  STANDARD  DEVIATION  (n)] 


EFFECT  OF  TWO  CONSECUTIVE  DAILY  3.S-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(F1/D2)  ON  NEUROBEHAVIORAL  ACTIVITY  OF  MALE  SPRAGUE  OAWLEY  RATS 
TESTEO  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE ® 

[MEAN  ANO  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  FOUR  CONSECUTIVE  DAILY  1-HR  RP/8R  AEROSOL  EXPOSURES  PER  WEEK 
(F2/D1 )  ON  NEUROBEHAVIORAL  ACTIVITY  OF  MALE  SPRAGUE  OAWLEY  RATS 
TESTEO  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE9 
[MEAN  ANO  STANOARO  DEVIATION  (n)J 
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EFFECT  OF  FOUR  CONSECUTIVE  DAILY  3.5-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
( F2/D2 )  ON  NEURDBEHAVIORAL  ACTIVITY  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE3 
(MEAN  ANO  STANDARD  DEVIATION  (n>) 
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[MEAN  AND  STANDARD  DEVIATION  (n)] 


P 


* 

> 

a, 

ID 


y*s 

y^y 

^y 

/•y 

y*V 

y^y 

/•s. 

«^y 

y^. 

y^y 

* 

n 

V 

n 

cr 

n 

w 

w 

w 

w 

w 

W 

w 

w 

w 

W 

w 

W 

-J 

0) 

10 

04 

04 

a 

m 

in 

Q 

r> 

o 

O 

in 

'i 

r> 

CO 

00 

cO 

S) 

04 

0 

0» 

0 

0) 

2 

04 

in 

in 

«0 

in 

* 

n 

V) 

6 

w 

ri 

o 

o 

m 

o 

♦  i 

♦  ! 

♦i 

♦  1 

♦i 

♦i 

♦  1 

♦i 

♦1 

♦t 

♦1 

♦i 

♦  i 

♦1 

in 

o 

in 

o 

in 

o 

m 

o 

o 

o 

o 

o 

2 

in 

04 

in 

K 

04 

m 

04 

o 

in 

O 

m 

in 

o 

04 

* 

» 

in 

• 

• 

in 

* 

oi 

in 

o 

U) 

<* 

in 

n 

« 

u> 

04 

«o 

* 

M 

o 

in 

y*s 

y*s 

<•«» 

/“V 

y—s 

*»y 

^y 

y*s 

/~y 

y»y 

n 

n 

n 

* 

n 

w 

w 

'W' 

w 

W 

w 

w 

w 

w 

w 

w 

w 

•J 

S 

o 

04 

0- 

in 

in 

CO 

00 

« 

O) 

<x» 

o 

o 

0 

C) 

CO 

i 

m 

n 

o- 

o 

m 

m 

o 

in 

in 

in 

t 

« 

o 

in 

o 

* 

«*• 

04 

04 

04 

<j 

o 

m 

o 

o 

IT 

*• 

04 

CO 

o* 

♦i 

♦  1 

♦i 

♦  1 

♦i 

«i 

>| 

4-1 

*1 

♦i 

♦  i 

♦  l 

o 

in 

in 

o 

D 

o 

m 

O 

Q 

0* 

o 

m 

vn 

m 

in 

t' 

04 

o 

in 

O 

u> 

in 

un 

o* 

in 

in 

00 

04 

in 

n 

«• 

r> 

01 

in 

o 

* 

430 

in 

« 

• 

• 

• 

r— - 

*—y 

y 

/— s 

*— y 

<~N 

y 

y— y 

/— y 

* 

** 

*1 

V 

V 

* 

V 

ir 

* 

w 

w 

w 

W 

w 

W 

w 

O* 

CM 


O 

04 


in 

o* 


m 

04 


♦  I  ♦! 

8  in 
w 


O) 

o 


♦  I 

o 

oi 


<o 

r> 


04 

<o 


r> 

CO 


♦  I  ♦! 

S  8 


8 

04 

♦  I 
8 


h- 


o 

if) 


CO 

* 


o  cq  m 


♦  I 
8 


♦  I  ♦! 
8  8 


♦i 


o 

in 


♦  l 
8 


113 


o 

m 

6 

♦  i 

in 

o* 


in 

03 


o 

♦  i 


m 


n 

h* 

04 

o* 

O' 

0) 

* 

in 

04 

0) 

o 

o 

1  *" 

m 

O' 

0) 

n 

y*x 

y«y 

y-y 

-~>y 

y*y 

y«y 

^y 

n 

* 

r> 

n 

* 

W 

— 

w 

— 

Y»y 

s«y 

‘■■py 

s«y 

y«y 

w* 

y— ^ 

3 

04 

ro 

n 

04 

AO 

▼* 

04 

2 

00 

2 

0) 

2 

00 

N 

CO 

0- 

04 

<T> 

in 

O' 

in 

5 

in 

o 

o 

m 

O 

n 

• 

E 

in 

04 

in 

04 

o 

04 

o 

o 

o 

o 

■*- 

04 

04 

04 

O 

♦i 

♦  i 

♦i 

♦  i 

♦  l 

+i 

♦  1 

♦i 

♦  l 

♦i 

♦  1 

♦i 

♦  1 

♦  1 

o 

o 

Q 

® 

m 

N 

m 

o 

o 

o 

O 

m 

2 

o 

m 

in 

O 

O' 

in 

O' 

in 

o 

m 

m 

O' 

o 

in 

• 

0* 

» 

• 

• 

• 

• 

• 

o 

04 

M 

»• 

04 

p) 

o 

<7> 

04 

o 

CO 

n 

■»“ 

0) 

C4 

T- 

V 

-J 

m 

„ 

J 

2 

2 

0 

2 

<  in 

o 

o 

O 

6 

i 

f 

E 

L 

e 

6 

0) 

0) 

tx  UJ 

*- 

04 

■»* 

K 

■p* 

4* 

4- 

o  a 

h- 

*- 

O' 

K 

1 

4- 

i- 

1 

1 

-*  D 

♦* 

D 

V 

a 

a 

1 

i 

1 

O 

1 

i 

o 

o 

>  in 

in 

C 

0 

04 

o 

m 

04 

in 

> 

<(  < 

W“ 

04 

l- 

lw 

L. 

UI 

ui 

< 

X  ui 

1 

1 

1 

O 

<3 

L 

l. 

L 

L 

L 

L 

ui  Z 

V 

V 

v 

H 

4- 

K 

4~ 

* 

1— 

GO 

o 

u 

o 

•»* 

k. 

u 

L. 

l 

0 

Cl 

0 

o 

o 

< 

< 

< 

U 

I 

I- 

4- 

4- 

4- 

z 

4- 

4- 

z 

z 

04 

o 


a.  u. 
D  ~ 
O 

a  * 

O  •  Ul 
in  ui 
-i*  * 
Own 
a  ui  m 
4-  »  > 

z  < 
a  *  O 
O 

a  * 

x  o 

O  u.  * 
at  > 
u.  *  < 
UI  o 
h  WN 
Z  jfc  wl 
uj  a 
a  a  x 

uj  m 

u.  a  in 

u. 

•  o  n 


°JO 
>  3  ui 
JQI/) 
K  Ui  O 

z  X  a. 

<  U  X 

o  ^  UJ 
H 

U.  l/>  UI 

6  n  S 

in  «j  in 

-i 

n  O 

a 

*  4- 

z 

o 

u 

N 

A 


jy 

& 

II 

v 

$ 

o 

ft 

$ 

$s 

3 


■i 
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(F 3/02)  ON  NEUROBEHAVIORAL  ACTIVITY  OF  MALE  SPRAGUE  OAWLEY  RATS 
TESTEO  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE9 
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EFFECT  OF  FOUR  CONSECUTIVE  DAILY  3 . 5-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
( F2/02 )  ON  CLINICAL  CHEMISTRY  PARAMETERS  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE® 

[MEAN  AND  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  TWO  1-HR  RP/BR  AEROSOL  EXPOSURES  SEPARATED  BY  A  2-DAY  INTERVAL 
( F3/D1 )  ON  CLINICAL  CHEMISTRY  PARAMETERS  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE* 

(MEAN  AND  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  TWO  3.5-HR  RP/BR  AEROSOL  EXPOSURES  SEPARATED  BY  A  2-DAY  INTERVAL 
( F3/D2 )  ON  CLINICAL  CHEMISTRY  PARAMETERS  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE3 
[MEAN  ANO  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  TWO  CONSECUTIVE  DAILY  1-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
( F 1/DI )  ON  HEMATOLOGY  PARAMETERS  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE® 

( MEAN  AND  STANDARD  DEVIATION  (n)l 
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EFFECT  OF  TWO  CONSECUTIVE  DAILY  3.5-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(FI/02)  ON  HEMATOLOGY  PARAMETERS  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE3 
[MEAN  ANO  STANDARD  DEVIATION  (n)J 
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EFFECT  OF  FOUR  CONSECUTIVE  DAILY  1-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(F2/OD  ON  HEMATOLOGY  PARAMETERS  OF  MALE  SPRAGUE  OAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE9 
[MEAN  AND  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  FOUR  CONSECUTIVE  DAILY  3 . S-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(F2/02)  ON  HEMATOLOGY  PARAMETERS  OF  MALE  SPRAGUE  OAWLEY  RATS 
TESTEO  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE3 
[MEAN  ANO  STANDARD  DEVIATION  (n)} 
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EFFECT  OF  TWO  1-HR  RP/BR  AEROSOL  EXPOSURES  SEPARATED  BY  A  2-DAY  INTERVAL 
( F3/01 )  ON  HEMATOLOGY  PARAMETERS  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  IMMEDIATELY  AFTER  THE  FINAL  EXPOSURE3 
(MEAN  AND  STANOARO  DEVIATION  <n)] 
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EFFECT  OF  FOUR  CONSECUTIVE  DAILY  1-HR  OR  3.5-HR  RP/BR  AEROSOL  EXPOSURES  PER  WEEK 
(F2/OI.  F2/D2 )  ON  HEMATOLOGY  PARAMETERS  OF  MALE  SPRAGUE  DAWLEY  RATS 
TESTED  14  DAYS  POST-EXPOSURE3 
t MEAN  AND  STANDARD  DEVIATION  <n>} 
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EFFECT  OF  TWO  3 . 5-HR  RP/6R  AEROSOL  EXPOSURES  SE  ARATEO  BY  A  2-RAY  INTERVAL 
(F3/02)  ON  WEEKLY  BODY  WEIGHTS  <G)  OF  MAL  SPRAGUE  OAWLL Y  RATS 
TESTEO  THROUGHOUT  THE  EXPOSURE  PERIOD3 
[MEAN  ANO  STANDARD  DEVIATION  (n)] 
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EFFECT  OF  FOUR  CONSECUTIVE  DAILY  1-HK  OR  3.5-HR  RP/BR  AERDSOL  EXPOSURES  PER  WEEK 
(F2/0I.  F2/D2)  ON  WEEKLY  BODY  WEIGHTS  (G)  OF  MALE  SPRAGUE  OAKLEY  RATS 
IESTEO  THROUGHOUT  THE  STUDY  AMO  14  OAY  RECOVERY  PERIOD** 
l ME AN  ANO  STANDARD  DEVIATION  <n» ) 
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OBJECTIVES  AND  EXPERINENTAL  DESIGN 


Previous  to  these  comparison  studies  rats  used  In  all  studies  were 
provided  from  the  Madison,  Ml  breeding  colony  of  Harl  an-Spr ague 
Dawley,  Inc.  An  Inquiry  was  made  to  me  supplier  upon  discovering 
that  serum  samples  from  these  rats  showed  antibody  titers  to 
Pneumonia  Virus  of  Mice  (PVM).  The  supplier  Indicated  that  they 
had  another  breeding  colony  In  Indianapolis,  IN  that  was  derived 
from  the  same  genetic  stock  as  the  Madison  colony  that  was 
PVM-free.  In  order  to  choose  the  most  appropriate  animals  for  the 
upcoming  subchronic  exposures,  two  comparison  studies  with 
representative  animals  from  these  two  breeding  colonies  were 
conducted. 

o  Gross  physical  examination  and  observation 

o  Gross  necropsy  and  follow-up  histopathologic 
observation  when  indicted 

o  Culture  of  respiratory  tract  (nasopharynx, 
tracheal  aspirate  and  lung)  for  potential 
pathogens  Including  mycoplasma. 

o  Culture  of  Intestinal  tract  for  potential 
p  athogens 

o  Direct  smear  and  fecal  flotation  of  Intestinal 
tract  for  endop  ar  as  I  tes. 

o  Examination  of  sera  for  standard  murine  virus 
profile  (nine  viruses;  Reo,  PVM,  GDV  1  1 , 
mouse  adeno.,  MHV,  Tool  an  H-1 ,  KRV ,  LCM  and 
RCV). 

In  addition  groups  of  male  rats  from  the  two  facilities  were 
exposed  one  time  for  3.5  hrs  to  1.0  mg/ I  of  RP/BR  aerosol.  In 
Study  No.  79-SC,  following  the  exposure,  the  bactericidal  activity 
assay  was  performed  comparing  the  response  of  the  anlmais  from  the 
two  sources  after  receiving  simultaneous  bacterial  aerosol 
challenge  to  pneumon  I  ae.  In  a  second  study  (SN79-SC2) 

male  rats  from  the  two  breeding  colonies  were  compared  by 
measurement  of  pulmonary  lavage  parameters  following  a  single  3.5 
hr  exposure  to  1.0  mg/I  of  RP/BR.  To  facilitate  the 

labor-intensive  procedures  Involved  in  the  pulmonary  bactericidal 
activity  and  lavage  assay*,  the  rats  were  divided  In  each 
experiment  Into  two  groups  and  the  RP/BR  aerosol  exposures 
staggered  over  two  days.  For  the  pulmonary  bactericidal  activity 
assay,  two  radioactive  aerosol  challenges  were  done  on  each  of  the 
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RESULTS 


Animals:  Over.sl  I  He  a.1  th  S±j±jg&  and  Body  Hal  gills 

For  both  comparison  studies  the  +wo  groups  of  rats  received,  from 
the  Harlan  Sprague-Daw  ley ,  Inc.,  Madison,  Wl  (Group  MT  and 
Indianapolis,  IN  (Group  I)  breeding  facilities  were  housed  In 
separate  animal  rooms  and  serviced  by  different  animal  care 
personnel  to  minimize  possible  cross  contamination  of  the  animals. 
The  rats  were  observed  at  least  once  every  working  dsy.  One  rat 
from  Group  M  died  accidently.  Another  rat  was  lethargic,  ataxic 
and  lost  weight  and  It  was  subsequently  killed  and  necropsled. 
Grossly,  dark  red  fluid  was  found  In  the  urinary  bladder. 
Microbiological  ly,  £*.  coii  was  Isolated  from  the  ear  swab  and  no 
pathogens  were  found  In  the  caecal  specimen.  Presence  of  £*.  col  I 
In  animal  specimen  Is  common  and  not  significant.  With  the 
exception  of  a  crusted  eye  In  one  animal  from  Group  I, all  other 
animals  appeared  healthy. 

When  following  a  two-week  quarantine  period  ten  rats  from  each 
colony  were  killed  and  necropsled,  no  gross  lesions  were  observed. 
Specimens  submitted  from  rats  from  SN  79-SC  for  microbiological  and 
parasitological  testing  were  free  of  pathogenic  microorganisms  and 
endop  arsi tes.  All  serum  viral  antibody  titers  were  negative  except 
for  the  rats  from  the  Madison  colony,  all  of  which  had  positive 
tltors  to  PVM. 

All  rats  from  both  colonies  were  weighed  on  the  day  after  arrival 
and  again  on  Day  12  or  13  of  the  quarantine  period  as  part  of  the 
randomization  procedure.  The  data  in  Table  6-1  show  that  although 
weights  of  rats  received  from  both  colonies  were  similar  at 
arrival,  rats  from  Indianapolis  (PVM-free  colony)  gained  13-18  g, 
or  about  20$  more  between  the  time  of  arrival  and  randomization. 


BE/BR  Eaposnuas 

All  rats  received  one  3.5  hr  exposure  to  1  mg/L  of  RP/BR  aerosol  or 
to  filtered  air.  The  RP/BR  aerosol  was  monitored  for  mass 
concentration  periodically  by  gravimetric  filter  collection  and 
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continuously  with  light  scattering  photosensors.  Aerosol  particle 
size  was  determined  with  a  Quartz  Crystal  Mlcrobal ance-based 
cascade  Impactor.  Percent  total  phosphorus  was  analyzed 

spectrophotometrical ly  from  the  filter-collected  aerosol  samples. 
The  aerosol  data  monitored  during  the  exposures  for  Study  Nos. 
79-SC  and  79-SC2  are  summarized  In  Table  6-2. 

Puj  man-ary  Bactericidal  Act!  V  I  ty  (  SN79-SC2) 


For  comparison  of  pulmonary  bactericidal  activity  In  the  two  rat 
colonies  two  aerosol  challenges  with  39S-Klahslal  I  a  pneumonias 
were  done  on  each  of  the  two  consecutive  exposure  days.  Seven 
RP/BR-exposed  and  seven  control  rats  from  each  of  the  two  colonies 
were  assigned  to  each  radioactive  challenge  spray  of  which  2  were 
0-hr  controls  and  5  were  3-hr  experimental  rats. 

The  results  summarized  In  Table  B -3  demonstrate  highly  significant 
decreases  In  bactericidal  activity  tn  the  lungs  of  the  exposed  rats 
from  both  colonies  relative  to  controls  when  analyzed  by  Student’s 
t-test.  When  a  three  factor  mtxed-model  analysis  of  variance  was 
used  to  evaluate  the  data  using  treatment  and  source  as  fixed 

factors  and  replication  as  a  random  factor,  a  significant  main 

effect  of  RP/BR  exposure  on  bactericidal  activity  was  found 
(plO.OOl).  The  overall  mean  ±  SO  (n)  for  control  and  exposed 
animals,  respectively,  was  85.89  ±  17.82  (40)  and  36.46  ±  36.31 

(40).  In  some  exposed  rats,  more  bacteria  were  present  after  the 
clearance  period  than  at  the  time  of  deposition.  Source  of  animals 
was  not  a  statistically  significant  factor.  The  percentage 
decreases  In  the  bactericidal  activity  of  rats  from  the  two 
colonies  were  quite  similar.  These  decreases  were  also  very 

similar  to  those  we  have  reported  In  the  preliminary  studies  of 
Phase  11  after  single  exposures  of  rats  from  the  Madison,  Wl 
col  ony . 

Pulmonary  L  ay  .age  Parameters  (SM79rS.C2). 

For  the  pulmonary  lavage  assays,  the  rats  were  divided  Into  two 

groups  and  the  RP/BR  aerosol  exposures  staggered  over  two  days. 

Eight  rats  from  each  breeding  facility  were  exposed  to  RP/BR 

aerosol  or  filtered  air  on  each  of  the  two  experimental  days. 

Within  1  hr  after  the  exposure,  pulmonary  free  cells  were  lavaged 
from  the  lungs  and  total  and  differential  cell  counts,  cellular  ATP 
and  protein,  lavage  fluid  protein,  ectoonzyme  activities,  and 
phagocytosis  of  ^'Cr-CRBC  were  measured. 

A  three  factor  multivariate  mixed-model  analysis  of  variance  was 
used  to  determine  the  effects  of  treatment  on  these  pulmonary 
defense  parameters.  As  for  the  bactericidal  assay  analysis, 

treatment  and  source  were  considered  to  be  fixed  effects  and 
replication  was  considered  a  random  factor.  Following  the 
multivariate  test.  Individual  univariate  comparisons  (one  parameter 
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T*b1e  B-3 

COMPARISON  OF  THE  EFFECT  OF  EXPOSURE  TO  RP/BR  AEROSOL  ON  PULMONARY  BACTERICIDAL 
ACTIVITY  OF  RATS  FROM  TWO  HARLAN/SPRAGUE  DAWLEY  BREEDING  COLONIES 


at  a  time)  were  made. 

Summary  statistics  which  combine  the  data  from  animals  from  both 
breeding  colonies  for  control  and  treatment  groups  are  displayed  In 
Table  B-4.  The  overall  multivariate  exposure  effect  was 

significant  (p<0.001).  In  RP/BR-exposed  animals,  ATP/cells  and 
ATP/proteln  were  Increased  relative  to  controls,  whereas  total 
cells,  cells/BW,  phagocytosis  of  51Cr-CRBC,  ADPI  and  5*-ND  were 
significantly  decreased  relative  to  controls. 

When  the  effect  of  animal  source  was  tested  (l.e.,  comparison  of 

two  sources  of  animals),  an  overall  multivariate  treatment  by 

source  interaction  was  found  (p<0.05).  Inspection  of  univariate 
results  revealed  several  parameters  which  had  different  results  for 
the  two  rat  colonies:  total  cells  (p<0.01),  protein  per  105 
cells  (p<,0.04)  and  cells  per  g  body  weight  (pi0.02).  Total  cells 
and  cells  per  body  weight  showed  the  same  decreasing  trend 
following  exposure  for  animals  from  both  colonies  as  shown  In  the 
post  hoc  comparisons  summarized  for  the  two  separate  studies  in 
Table  B-5.  As  a  result  of  higher  cell  counts  however  control 

values  for  both  parameters  In  rats  from  the  Indianapolis  colony 

were  higher  than  values  for  the  Madison  colony  control  rats.  The 

values  for  these  parameters  after  exposure  were  similar  for  both 

colonies  Indicating  bigger  changes  In  the  Indianapolis  colony  rats. 
Protein  per  105  cells  was  slightly  Increased  after  RP/BR 
exposure  In  rats  from  Indianapolis,  but  slightly  decreased  In  rats 
from  the  Madison  colony  whereas  for  lavage  fluid  protein  this 
picture  was  reversed  (Table  B-5). 

Finally  a  significant  main  effect  of  source  was  found  for  ATP  per 
105  ceils  (p<0.05).  This  means  that  cellular  ATP  content  was 
s  ’  qn I f leant  I y  lower  for  rats  from  the  Indianapolis  colony  than  the 
Madlsor.  animals  In  both  RP/BR-exposed  and  control  groups  although 
cells  from  both  colonies  showed  the  same  Increases  In  this 

parameters  after  exposure  (see  Table  B-5). 


CONCLUSIONS 


We  have  found  that  there  was  a  difference  In  terms  of  weight  gain 
between  the  two  breeding  colonies  during  the  quarantine  period; 
the  PVM-free  group  (Indianapolis)  gained  weight  faster.  Pulmonary 
bactericidal  activity  was  significantly  decreased  relative  to 
controls  In  both  groups  and  the  source  of  animals  was  not  a 
statistically  significant  factor.  In  terms  of  pulmonary  lavage 
parameters  however  there  was  a  significant  difference  In  responses 
due  to  animal  source.  The  results  of  the  lavage  studies 
demonstrate  that  changes  In  the  test  criteria  compared  showed 
generally  similar  trends  for  two  colonies  except  for  protein  per 
cells  and  protein  per  lavage  fluid.  The  other  apparent  differences 
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Table  B-4 


EFFECTS  OF  A  SINGLE  3.5-HR  EXPOSURE  TO  1  MG/L  OF  RP/BR  AEROSOL 
ON  COMBINED  PULMONARY  DEFENSE  DATA  FOR  MALE  SPRAGUE-DAWLEY  RATS 

FROM  TWO  BREEDING  COLONIES 


Control _  Exposed 


Assay 

Mean 

+SD 

N 

Mean 

_±S  D 

N 

TOT  CELLS 

1 19.38 

38.70 

32 

84. 1 2*** 

23.81 

32 

TOT  CELL/g  BW 

74.90 

22.26 

32 

52.96*** 

15.37 

32 

t  MACROPHAGES 

98.90 

1.33 

31 

99,09 

1.25 

32 

PROT/IO5  CELL 

19.39 

3.52 

32 

20.00 

4.93 

31 

ATP/105  CELL 

0.61 

0.26 

32 

1 .00*** 

0.44 

32 

ATP/ug  PROT 

3.16 

1.29 

32 

4.33*** 

1.59 

31 

PH  AGO  [CPM  x  103] 

10.47 

1.23 

32 

9.94* 

1.11 

32 

LAV  PROT/g  BW 

24.26 

10.12 

31 

23.35 

6.60 

32 

LAP 

14.54 

4.77 

28 

13.35 

5.18 

29 

ADPI 

24.42 

7.07 

31 

21.12* 

6.97 

31  . 

5»-N 

6.55 

2.79 

31 

4.70** 

2.73 

31 

Significant  difference  from  controls. 
*p<0. 05 

**p<0.01 

*»*p<0.001 
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(total  calls*  colls  per  body  weight*  and  ATP  per  cells)  were  for 
parameters  which  showed  the  same  direction  of  response  after  RP/BR 
exposure  for  animals  from  both  breeding  colonies*  However  when  In 
post  hoc  comparisons  the  effects  of  RP/BR  exposure  were  evaluated 
In  each  of  the  two  colonies  (Table  B-5)  several  significant  changes 
relative  to  controls  were  found  In  the  Indianapolis  group  whereas 
no  significant  differences  were  observed  for  the  same  parameters  In 
rats  obtained  from  Madison.  This  suggests  that  the  PVM-free  colony 
from  Indianapolis  Is  somewhat  more  susceptible  to  the  exposures* 
As  a  result  of  these  studies  tt  appears  to  be  feasible  to  select 
the  PVM-free  colony  for  the  subchronic  studies  since  In  general  the 
responses  were  similar  to  those  observed  In  the  Madison  (PVM 
positive)  colony.  However*  In  view  of  the  fact  that  the  PVM-free 
rats  appeared  to  be  more  responsive  In  the  pulmonary  lavage  assays 
we  should  be  careful  In  selecting  the  highest  exposure  dose  to 
avoid  encountering  unexpectlng  mortality  rates  during  the 
subchronic  exposures. 
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PATHOLOGY  SYNOPSIS 

Treatment- re la ted  lesions  were  observed  at  necropsy  in  the  lungs  of  the 
rats  exposed  to  the  aerosols  of  RP/BR  combustion  products.  A  red  discolora¬ 
tion  with  varying  patterns  of  distribution  (mottled,  multifocal,  focal, 
diffusely  red,  and  multiple  red  foci)  were  observed  in  the  lungs  in  the 
initial  exposure  groups.  The  lesions  were  not  seen  in  the  lungs  of  the  rats 
in  the  recovery  groups,  which  received  similar  treatment.  The  small  group 
size  makes  it  difficult  to  determine  whether  the  lesions  observed  in  the  lungs 
were  significantly  affected  by  varying  exposure  concentrations  of  the  aerosol, 
frequency  of  exposure,  or  duration  of  the  exposure.  Microscopic  examinations 
of  tissues  revealed  treatment-related  lesions  in  the  lung  as  terminal 
bronchial  fibrosis.  The  lesion  was  characterized  by  thickening  of  the  alveolar 
walls.  The  lesion  increased  in  incidence  and  severity  with  increased  concen¬ 
trations  and  length  of  exposure  to  the  test  material.  After  a  fourteen-day 
recovery  period  following  the  test  exposure  did  not  reduce  the  incidence  or 
severity  of  the  lesion.  The  peribronchial  and  perivascular  infiltration  of 
eosinophils  may  also  be  treatment-related.  The  exposure  to  RP/BR  for  four 
weeks  via  inhalation  at  the  concentrations  and  for  the  duration  of  exposure 
did  not  produce  any  treatment-related  lesions  in  the  nasal  turbinates,  trachea, 
pulmonary  lymph  nodes,  heart,  eyes,  kidneys,  adrenals,  liver,  esophagus, 
stomach,  duodenum,  or  urinary  bladder. 


Vladislava  S.  Rac,  M.S.,  D.V.M. 
Scientific  Advisor 
Veterinary  Pathologist 
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GROSS  NECROPSY  OBSERVATIONS 
Phase  III  -  Study  Number  79 


INTRODUCTION 

In  accordance  with  the  experimental  protocol,  examination  of  organs  was 
performed  on  96  male  Sprague-Dawl ey  rats  for  IITRI  Project  L6139,  Study 
Number  79  Phase  III.  The  experimental  design  is  presented  in  the  histo- 
pathology  report. 

A  summary  of  gross  observations  is  presented  in  Table  Groups  A  and  B. 

The  tables  in  Group  A  compare  each  of  the  aerosol  exposure  concentrations 
with  various  exposure  frequencies  (FI,  F2,  F3),  while  the  tables  in  Group  B 
compare  each  exposure  frequency  with  various  exposure  concentrations  of 
the  aerosol  (0.0,  0.4,  0.75,  and  1.0  mg/1)  for  both  the  initial  exposure 
and  recovery  groups. 


RESULTS  AND  DISCUSSION 

Gross  lesions  were  observed  primarily  in  the  lungs,  urinary  bladder, 
thymus,  and  mandibular  lymph  nodes  in  both  the  initial  exposure  and 
recovery  groups.  The  gross  lesions  involving  the  lungs  appeared  to  be- 
treatment-related.  A  red  discoloration  with  varying  patterns  of  distributions 
(mottled,  multifocal,  focal,  and  diffusly  red)  was  most  often  observed  in 
the  lungs  of  rats  in  the  initial  exposure  group.  Multiple  red  foci  were 
present  in  the  lungs  of  3/4  rats  in  the  initial  exposure  group  at  the 
1.0  mg/1  exposure  concentration,  at  the  3.5  hour  exposure  duration,  at 
the  F2  exposure  frequency.  The  lesion  was  not  seen  in  lungs  of  rats  in  the 
recovery  group  which  had  received  similar  treatment.  However,  it  should 
be  noted  that  multiple  red  foci  were  observed  in  the  lungs  of  2/4  rats  at 
both  the  0.4  and  0.75  mg/1  exposure  concentration,  at  FI  and  F2  exposure 
frequencies,  at  the  1.0  hour  exposure  duration.  Mottled  brown  and  tan 
lungs  were  also  observed  in  a  few  rats.  Calculi  were  present  in  the 
urinary  bladder  of  many  of  the  rats  regardless  of  the  treatment  received. 

Red  discolorations  were  observed  involving  the  mandibular  lymph  nodes  and 
thymuses  of  a  few  rats. 


SUMMARY  AND  CONCLUSIONS 

In  sunmary,  treatment- related  lesions  were  observed  in  the  lungs  of 
rats  exposured  to  the  Aerosols  of  RP/BR  combustion  products.  However, 
the  small  group  size  makes  it  very  difficult  to  determine  if  the  lesions 
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observed  in  the  lungs  were  significantly  affected  by  varying  exposure 
concentrations  of  the  aerosols,  frequency  of  exposure,  or  duration  of 
exposure.  Lesions  were  not  observed  in  the  lungs  of  rats  in  the  recovery 
group  at  the  1.0  mg/1  exposure  concentration.  ATI  other  lesions  (except 
those  In  the  thymus)  were  regarded  as  incidental  findings  and  were 
present  in  both  the  control  and  treated  groups. 


TABLE  GROUP  A 
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Necropsy  Observations 

Project  No.!  L06139  Rats  Killed  After  the  Last  Exposure 

Exposure  Concentration  (mg/1):  0.4 
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Necropsy  Observations 

lo.:  L06139  Rats  Killed  After  the  Last  Exposure 
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PROSTATE 

Enlarged 


Necropsy  Observations 

Project  No.:  L06139  Killed  After  the  Last  Exposure 

Exposure  Concentration  (mg/1):  0.4 


Necropsy  Observations 

o.:  L06139  Rats  Killed  After  the  Last  Exposure 

Concentration  (mg/1):  0.75 


Enlarged 


Necropsy  Observations 

Project  No.:  L06139  Rats  Killed  After  the  Last  Exposure 

Exposure  Concentration  (mg/1):  0.75 


3 


Project  No.:  L06139 

Exposure  Concentration  (mg/1):  0.0 


Project  No.:  L06139 

Exposure  Concentration  (mg/1):  0.0 


Project  No.:  106139 

Exposure  Concentration  (mg/lj:  1.0 
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Necropsy  Observations 
Rats  Kilted  After  the  Last  Exposure 


White  material  adhered  to 
Edematous 


Project  No,:  L06139 
Exposure  Frequency:  F2 


Necropsy  Observations 
Rats  Killed  After  the  Last  Exposure 


l/6ui 

monpjiuaouoo 

eunsodx} 


On  ^ 
z  ■'*!“ 
<  v»n  ^ 
o  Jl  P 
oc  _j  I  •  ! 

o  I  — 1 


ULl  *•"*  T? 

>  -C  o» 

•  3 


TESTIS _ 

Not  apparent 


Project  No.:  L06139 
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Necropsy  Observations 
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Project  No.:  L06239 
Exposure  Frequency:  F2 
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EXPERIMENTAL  PATHOLOGY  LABORATORIES,  INC. 

QUALITY  ASSURANCE 
REPORT  CERTIFICATION 

Client  Name:  IIT  Research  Institute 

Client  Study  Number:  L0U139  Phase  III  Study  79 

Study  Director:  Dr,  W.O.  Iverson  Pathologist:  Dr.  W.O. Iverson 

Study  Title:  Repeated  Inhalation  Exposure  Studies  to  Aerosols  of 

RP/BR  Combustion  Products  in  Rats 

Test  Article:  Combustion  Products  of  Red  Phosphorus/Butyl  Rubber 
Species:  Sprague-Dawley  Rats 

All  parts  of  the  pathology  phase  of  this  study,  including  the 
final  report,  were  reviewed  by  Experimental  Pathology 
Laboratories  Quality  Assurance  Ur  it  on  January  11-13;.  and  20 
19M*  All  findings  were  reported  to  the  Study  Director  and 
Management . 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  III  STUDY  79 

REPEATED  INHALATION  EXPOSURE  STUDIES 
TO  AEROSOLS  OP  RP/BR 
COMBUSTION  PRODUCTS  IN  RATS 

PATHOLOGY  SUMMARY 

Microscopic  examinations  were  performed  on  selected  tissues 
from  male  Sprague-Dawley  rats.  The  purpose  of  this  study  was  to 
evaluate  the  effects  of  exposure  concentration,  duration, 
frequency,  and  recovery  time  of  the  repeated  exposure  of  rats  to 
aerosols  of  combustion  products  of  Red  Phosphorus/Butyl  Rubber 
iKP/BR)  on  various  biologic  endpoints.  This  report  contains  the 
histopathologic  findings.  The  experimental  design  for  this  study 
was  as  follows: 


Group 

Code 

Expos 
Cone . 

ure  Class 
Hours/ bay 

Exposure 

Frequency 

Recovery 

Number 
of  Rats 

I 

0 

3-13 

F2 

No 

12 

IR 

0 

3.5 

F2 

Yes 

'1 

II 

Cl 

1.0 

FI, 2, 3 

No 

12 

III 

Cl 

3.5 

PI, 2, 3 

No 

12 

IV 

C2 

1.0 

F3 ,2 ,3 

No 

12 

V 

C2 

3.5 

FI, 2, 3 

No 

12 

VI 

C3 

1.0 

PI, 2, 3 

No 

12 

VIR 

C3 

1.0 

F2 

Yes 

a 

VII 

C3 

3.5 

PI, 2, 3 

No 

12 

VIIR 

C3 

3.5 

F2 

Yes 
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All  animals  were  exposed  for  four  weeks.  Recovery  animals  were 
then  untreated  for  an  additional  fourteen  days.  The  aerosol 
concentrations  and  exposure  frequencies  were  as  follows: 


Cl 

= 

0.4  mg/L 

C  2 

= 

0.75  mg/L 

C3 

= 

1.0  mg/L 

FI 

= 

exposure  on 

two  consecutive 

days 

F2 

= 

exposure  on 

four  consecutive 

■  days 

F3 

= 

two  exposure 

days  separated 

by  two  days 

rest 

All  rats  were  necropsied  and  gross  and  histologic 
evaluations  of  the  respiratory  tract  were  conducted.  According 
to  protocol,  the  following  tissues  were  trimmed  and  processed  to 
paraffin  blocks:  trachea,  pulmonary  lymph  nodes,  each  lung  lobe, 
nasal  turbinates  and  gross  lesions.  The  paraffin  blocks  were 
then  shipped  to  Experimental  Pathology  Laboratories,  Inc.  where 
hematoxylin  and  eosin  stained  slides  were  prepared  and  examined. 

RESULTS 

The  microscopic  changes  and  a  detailed  listing  of  all 
tissues  evaluated  are  presented  in  the  HIstopathology  Incidence 
Tables.  All  lesions  are  summarized  by  treatment  group  and 
presented  in  the  Summary  Incidence  Tables.  A  correlation  of 
lesions  observed  at  necropsy  with  the  corresponding  microscopic 
observation,  where  possible,  is  presented  in  the  Correlation  of 
Cross  and  Microscopic  Findings  Tables.  The  gross  observations  in 
these  tables  were  transcribed  from  the  necropsy  sheets  provided 
with  the  paraffin  blocks. 
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The  primary  treatment-related  change  seen  histologically  in 
the  study  was  in  the  lung  and  diagnosed  as  "terminal  bronchiolar 
fibrosis".  The  lesion  consisted  of  thickening  of  the  alveolar 
walls  where  the  terminal  bronchiole,  lined  by  cuboidal 
epithelium,  joined  the  alveolar  sacs.  The  thickening  consisted 
of  a  heterogeneous  eosinophilic  material  compatible  with 
collagen,  containing  small  numbers  of  cells.  Larger  cells  with 
prominent  nuclei  frequently  lined  the  affected  area.  These  cells 
appeared  to  be  macrophages  or  activated  Type  II  pneumocytes.  The 
lesion  was  first  detectable  at  a  very  minimal  level  in  all  of  the 
Group  III  (0.4mg/l)  rats  that  received  exposure  on  four 
consecutive  days.  It  was  not  seen  in  the  PI  or  F3  exposures  in 
this  treatment  group.  The  rats  in  all  exposures  In  Group  V 
(0.75mg/i)  had  terminal  bronchiolar  fibrosis.  In  the  F2  animals 
in  this  group  the  lesion  was  mild  in  severity.  At  least  three  of 
four  animals  in  each  of  the  exposure  groups  in  Group  VI  also  had 
the  lesion.  All  Group  VII  animals  at  all  exposure  frequencies 
had  moderate  terminal  bronchiolar  fibrosis.  The  fourteen  day 
recovery  period  given  the  animals  in  Group  VIR  and  Group  VIIR  did 
not  affect  the  incidence  or  severity  of  the  lesion. 

An  additional  change  that  was  seen  in  only  treated  animals 
in  some  of  the  exposure  frequencies  in  all  treatment  groups  was 
the  presence  of  a  minimal  to  mild  eosinophilic  infiltrate  around 
the  airways  and  blood  vessels.  The  infiltrate  consisted 
primarily  of  eosinophils  with  small  numbers  of  neutrophils  and 
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lymphcytes  intermixed.  The  highest  incidence  seen  was  2/4 
animals  and  occurred  in  Groups  IV,  V,  and  VI.  The  presence  of 
alveolar  macrophages  was  noted  in  both  control  and  treated  rats. 
The  highest  incidence  (4/4)  was  seen  in  F2  Group  VII. 

All  other  changes  seen  in  this  study  occurred  in  both 
control  and  treated  animals  or  were  present  in  such  low  incidence 
as  to  not  be  considered  treatment  related. 

CONCLUSIONS 

The  results  of  this  microscopic  examination  indicate  that 
a  _nistration  of  RP/BR  to  rats  for  four  weeks  via  inhalation  at 
the  concentrations  and  for  the  durations  of  exposure  used  in  this 
study  did  not  produce  treatment  related  changes  in  the  nasal 
turbinate,  trachea,  or  pulmonary  lymph  nodes. 

Treatment  related  changes  were  seen  in  the  lung.  The 
primary  lesion  seen  was  terminal  bronchiolar  fibrosis  which  first 
became  evident  when  the  rats  were  exposed  to  0.4  mg/1  of  aerosol 
for  3.5  hours/day  for  four  consecutive  days.  The  lesion 
increased  In  Incidence  and  severity  with  increased  concentrations 
and  length  of  exposure  of  the  test  material.  Holding  the  animals 
for  a  fourteen  day  recovery  period  following  the  last  exposure 
did  not  reduce  the  Incidence  or  severity  of  the  lesion.  An 
additional  pulmonary  lesion  was  seen  in  some  of  the  treated 
animals  and  may  be  treatment  related.  This  was  the 
peribronchiolar  and  perivascular  infiltration  of  eosinophils  and 
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PHASE  III,  STUDY  79 
MALE  RATS 

GROUP  I  &  I -RECOVERY  0.0 
3.5  HOURS/DAY 


SUMMARY  INCIDENCE  TABLE 
MG/L 


Group 

Exposure  Frequency 

Hi 

H 

IR 

F2 

NASAL  TURBINATE-LEVEL  1 

(Number  Examined) 

(12) 

(4) 

Hemorrhage 

1 

1 

Acute  Inflammation 

1 

0 

NASAL  TURBINATE-LEVEL  2 

(Number  Examined) 

(12) 

(4) 

Hemorrhage 

4 

2 

Exudate 

1 

0 

TRACHEA 

(Number  Examined)  , 

(12) 

(4) 

*  . 

Hemorrhage 

0 

Lymphocytic  Infiltrate 

0 

Squamous  Metaplasia 

0 

0 

t 

PULMONARY  LYMPH  NODE(S) 

(Number  Examined) 

(ID 

(4) 

Hemorrhage 

3 

4 

Edema 

2 

2 

Lymphocytic  Hyperplasia 

4 

4 

Kacrophage  Hyperplasia 

2 

1 

Lymphocytic  Infiltrate 

0 

0 

* 

' 
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MALE  RATS 


SUMMARY  INCIDENCE  TABLE 
GROUP  I  &  I -RECOVERY  0.0  MG/L 

3.5  HOURS/DAY 


Group 

Exposure  Frequency 


(Number  Examined) 


Atelectasis 


Hemorrhage 


Focal  Lymphocyte  Aggregate 


Alveolar  Macrophages 


Interstitial  Inflammation 


Terminal  Bronchiolar 


Fibrosis 


Eosinophilic  Infiltrate 


MANDIBULAR  LYMPH  NODE(S) 


(Number  Examined) 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


Edema 


Hemorrhage 


SEMINAL  VESICLE 


(Number  Examined) 


Ejaculate 


URINARY  BLADDER 


(Number  Examined) 


Concretion 


LIVER 


(Number  Examined) 


Necrosis 


Hemorrhage 
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PHASE  III,  STUDY  79 

MALE  RATS  SUMMARY  INCIDENCE  TABLE 

GROUP  I  &  I -RECOVERY  0.0  MG/L 

3.5  HOURS /DAY 


W  7> .'A  SATA  ."A  ,n>.  ,"J»  .V.  r. 


Group 

Exposure  Frequency 

THYMUS _ _ 

(Number  Examined) 

Hemorrhage 


TAIL  _ 

(Number  Examined) 
Erosion 


HIND  LEG _ 

(Number  Examined) 
Hemorrhage _ 


MESENTERIC  LYMPH  NODE(S) 

(Number  Examined) _ 

Edema _ 

Lymphocytic  Hyperplasia 
Macrophage  Hyperplasia 

DIAPHRAGM _ 

(Number  Examined) _ 

KIDNEY 

(Number  Examined) _ 

PROSTATE _ 

(Number  Examined) 

Edema 
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PHASE  III,  STUDY  79 

MALE  RATS  SUMMARY  INCIDENCE  TABLE 

GROUP  II  0.4  MG/L 
1.0  HOURS /DAY 


Group 

Exposure  Frequency 

-  -  -  -  — 

II 

FI 

II  _ 

F2 

II 

F3 

NASAL  TURBINATE- LEVEL  1 

(Number  Examined) 

(4) 

(4) 

(4) 

Hemorrhage 

0 

1 

Acute  Inflammation 

0 

0 

0 

. 

... 

NASAL  TURBINATE-LEVEL  2 

(Number  Examined) 

(4) 

(4) 

(4) 

Hemorrhage 

2 

1 

3 

Exudate 

0 

By  K  3 1 *  1 1 

0 

TRACHEA 

(Number  Examined) 

(4) 

(4) 

(4) 

Hemorrhage 

0 

1 

Lymphocytic  Infiltrate 

0 

Squamous  Metaplasia 

0 

0 

PULMONARY  LYMPH  NODE(S) 

(Number  Examined) 

(4) 

(4)  _ 

(4) 

Hemorrhage 

0 

0 

Edema 

1 

3 

2 

Lymphocytic  Hyperplasia 

3 

2 

3 

Macrophage  Hyperplasia 

2 

2 

0 

Lymphocytic  Infiltrate 

0 

1 

0 

1 

Ixpenmrnttil  Paihol«K\  I  abor.itom-v  I  in 
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MALE  RATS 


GROUP  II  0.4  MG/L 
1.0  HOURS/DAY 


SUMMARY  INCIDENCE  TABLE 


_ Group _ 

Exposure  Frequency 


LUNG 


(Number  Examined) 


Atelectasis 


Hemorrhaqs 


Focal  Lymphocyte  Aggregate 


Alveolar  Macrophages 


Interstitial  Inflammation 


Terminal  Bronchiolar 


Fibrosis 


Eosinophilic  Infiltrate 


MANDIBULAR  LYMPH  NODE(S) 


(Number  Examined) 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


Edema 


Hemorrhage 


SEMINAL  VESICLE 


(Number  Examined) 


Ejaculate 


URINARY  BLADDER 


(Number  Examined) 


Concretion 


LIVER 


(Number  Examined) 


Necrosis 


Hemorrhage 
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PHASE  III,  STUDY  79 
MALE  PATS 
GROUP  II  0.4  MG/L 
1.0  HOURS/DAY 


SUMMARY  INCIDENCE  TABLE 


Group 

Exposure  Frequency 


THYMUS 


(Number  Examined) 


Hemorrhage 


TAIL 


(Number  Examined) 


Erosion 


HIND  LEG 


(Number  Examined) 


Hemorrhage 


MESENTERIC  LYMPH  NODE(S) 


(Number  Examined) 


Edema 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


DIAPHRAGM 


(Number  Examined) 


KIDNEY 


(Number  Examined) 


PROSTATE 


(Number  Examined) 


Edema 


Exppnmentiii  FNuholonv  Liiljoratont-s  liu 
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PHASE  III,  STUDY  79 
MALE  RATS 

GROUP  III  0.4  MG/L 
3.5  HOURS/DAY 


Group 

Exposure  Frequency 


NASAL  TURBINATE-LEVEL  I 


(Number  Examined) 


Hemorrhage 


Acute  Inflammation 


SvJMMARY  INCIDENCE  TABLE 


NASAL  TURBINATE-LEVEL  2 


(Number  Examined) 


Hemorrhage 


Exudate 


TRACHEA 


(Number  Examined) 


Hemorrhage 


Lymphocytic  Infiltrate 


Squamous  Metaplasia 


PULMONARY  LYMPH  NODE(S) 


(Number  Examined) 


Hemorrhage 


Edema 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


Lymphocytic  Infiltrate 


experimental  Patholop  laboratorit-v  ln< 
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PHASE  III,  STUDY  79 
MALE  RATS 

GROUP  III  0.4  MG/L 
3.5  HOURS/DAY 


SUMMARY  INCIDENCE  TABLE 


Group 

Exposure  Frequency 


LUNG 


(Number  Examined) 


Atelectasis 


Hemorrhage 


Focal  Lymphocyte  Aggregajte 


Alveolar  Macrophages 


Interstitial  Inflammation 


Terminal  Bronchiolar 


Fibrosis 


Eosinophilic  Infiltrate 


MANDIBULAR  LYMPH  NODE(S) 


(Number  Examined) 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


Edema 


Hemorrhage 


SEMINAL  VESICLE 


(Number  Examined) 


Ejaculate 


URINARY  BLADDER 


(Number  Examined) 


Concretion 


LIVER 


(Number  Examined) 


Necrosis 


Hemorrhage 


fxponmrntal  Paiholom  I  aboMtont"-  liu 
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PHASE  III,  STUDY  79 

MALE  RATS  SUMMARY 

GROUP  III  0.4  MG/L 
3.5  HOURS/DAY 


Group 

Exposure  Frequenc 


THYMUS 


(Number  Examined) 


Hemorrhage 


TAIL 


(Number  Examined 


Erosion 


HIND  LEG 


(Number  Examined) 


Hemorrhaqe 


MESENTERIC  LYMPH  NODE  (S) 


(Number  Examined) 


F.dema 


DIAPHRAGM 


(Number  Examined) 


KIDNEY 


(Number  Examined) 


PROSTATE 


(Number  Examined) 


Edema 


TABLE- 


PROJECT  L06139 


Group 

Exposure  Frequenc 


NASAL  TURBINATE- LEVEL  1 


(Number  Examined) 


Hemorrhage 


Acute  Inflammation 


NASAL  TURBIN ATE-LEVEL  2 


Number  Examined 


Hemorrhage 


Exudate 


TRACHEA 


(Number  Examined) 


Hemorrhage 


Lymphocytic  Infiltrate 


quamous  Metaplasia 


PULMONARY  LYMPH  NODE(S) 


(Number  Examined) 


Hemorrhage 


Edema 


Lymphocytic  Hyperplasia 
Macrophage  Hyperplasia 


Lymphocytic  Infiltrate 


I 


PROJECT  L06139 
PHASE  III,  STUDY  79 


MALE  RATS 


GROUP  IV  0.75  MG/L 
3.5  HOURS /DAY 


SUMMARY  INCIDENCE  TABLE 


Group 

Exposure  Frequency 


LUNG 


(Number  Examined) 


Atelectasis 


Hemorrhage 


Focal  Lymphocyte  Aggregate 


Alveolar  Macrophages 


Interstitial  Inflammation 


Terminal  Bronchiolar 


Fibrosis 


Eosinophilic  Infiltrate 


MANDIBULAR  LYMPH  NODE(S) 


(Number  Examined) 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


Edema 


Hemorrhage 


SEMINAL  VESICLE 


(Number  Examined) 


Eiaculate 


URINARY  BLADDER 


(Number  Examined) 


Concretion 


LIVER 


Necrosis 


Hemorrhage 


<porimcntal  Patholoy\  l  aborotorii's.  Inc 
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PHASE  III,  STUDY  79 

MALE  RATS  SUMMARY  INCIDENCE  TABLE 

GROUP  IV  0.75  MG/L 
3.5  HOURS/DAY 


Group 

Exposure  Frequency 


THYMUS 


(Number  Examined) 


Hemorrhage 


TAIL 


(Number  Examined) 


Erosion 


HIND  LEG 


(Number  Examined) 


Hemorrhage 


MESENTERIC  LYMPH  NODE(S) 


(Number  Examined) 


Edema 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


DIAPHRAGM 


(Number  Examined) 


KIDNEY 


(Number  Examined) 


PROSTATE 


(Number  Examined) 


Edema 


f xperimenttil  PntholoyN  Laljor<iton<,'>  Iru 


PROJECT  L06139 


PHASE  III,  STUDY  79 


MALE  RATS 


GROUP  V  0.75  MG/L 
3.5  HOURS/DAY 


SUMMARY  INCIDENCE  TABLE 


Group 

Exposure  Frequency 
NASAL  TURBINATE-LEVEL  1 

(Number  Examined) _ 

Hemorrhage 
Acute  Inf  lamination 


'xperimenlal  Patliolouv  Laboratories  Inr 


PROJECT  L06139 


PHASE  III,  STUDY  79 
MALE  RATS 
GROUP  V  0.75  MG/L 
3.5  HOURS/DAY 


SUMMARY  INCIDENCE  TABLE 


Group 

Exposure  Frequenc 


LUNG 


(Number  Examined) 


Atelectasis 


Hemorrhage 


Focal  Lymphocyte  Aggregajte 


Alveolar  Macrophages 


Interstitial  Inflammation 


Terminal  Bronchiolar 


Fibrosis 


Eosinophilic  Infiltrate 


MANDIBULAR  LYMPH  NODE(S) 


(Number  Examined) 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


Edema 


Hemorrhage 


SEMINAL  VESICLE 


(Number  Examined) 


Ejaculate 


URINARY  BLADDER 


(Number  Examined) 


Concretion 


LIVER 


(Number  Examined) 


Necrosis 


Hemorrhage 


Experimental  Patholo^x  I  aboraioric 
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PHASE  III,  STUDY  79 
MALE  RATS 
GROUP  V  0.75  MG/L 
3.5  HOURS/DAY 


SUMMARY  INCIDENCE  TABLE 


_ Group 

ExDOSure  Freauencv 

-  -  - . -  - 

V 

FI 

V 

F2 

V 

F3 

THYMUS 

(Number  Examined) 

(0) 

(0) 

(0) 

Hemorrhage 

0 

0 

0 

TAIL 

(Number  Examined) 

(0) 

(0) 

(0) 

Erosion 

0 

0 

0 

HIND  LEG 

- 

(Number  Examined) 

(0) 

(0) 

(0) 

Hemorrhage 

0 

0 

", 

0 

MESENTERIC  LYMPH  NODE(S) 

(Number  Examined) 

(0) 

(0) 

(0) 

Edema 

0 

0 

« - 

H 

Lymphocytic  Hyperplasia 

0 

0 

0 

Macrophage  Hyperplasia 

0 

0 

... 

Q  | 

- 

DIAPHRAGM 

(Number  Examined) 

(0) 

(0) 

(0) 

KIDNEY 

(Number  Examined) 

(0) 

(0) 

(0) 

PROSTATE 

(Number  Examined) 

(1) 

(0) 

(0) 

Edema 

1 

0 

0 

V  ' 

EPL 
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PROJECT  L06139 


PHASE  III,  STUDY  79 

MALE  RATS  SUMMARY  INCIDENCE  TABLE 

GROUP  VI  &  VI-RECOVERY  1.0  MG/L 

1.0  HOURS/DAY 


Group 

Exposure  Frequenc 


LUNG 


(Number  Examined) 


Atelectasis 


Hemorrhage 


Focal  Lymphocyte  Aggregate 


Alveolar  Macrophages 


Interstitial  Inflammation 


Terminal  Bronchiolar 


Fibrosis 


Eosinophilic  Infiltrate 


MANDIBULAR  LYMPH  NODE(S) 


(Number  Examined) 


Lymphocytic  Hyperplasia 


Macrophage  Hyperplasia 


Edema 


Hemorrhage 


SEMINAL  VESICLE 


(Number  Examined) 


Ejaculate 


URINARY  BLADDER 


(Number  Examined) 


Concretion 


LIVER 


(Number  Examined) 


Necrosis 


Hemorrhage 


VIR 

VI 

F2 

FI 

(0) 

(0) 

0 

0 

PROJECT  L06139 


PHASE  III,  STUDY  79 
MALE  RATS 

GROUP  VI  &  VI-RECOVERY  1,0 
1.0  HOURS/DAY 


SUMMARY  IN' 
MG/L 


% 


4/ 


Group 

Exposure  Frequency 

THYMUS 

(Number  Examined) 

Hemorrhage 

TAIL 

(Number  Examined) 

Erosion 

HIND  LEG 

(Number  Examined) 

Hemorrhage 

MESENTERIC  LYMPH  NODE(S) 

(Number  Examined) 

Edema 

Lymphocytic  Hyperplasia 

Macrophage  Hyperplasia 

DIAPHRAGM 

(Number  Examined) 

KIDNEY 

(Number  Examined) 

PROSTATE 

(Number  Examined) 

Edema 

E  PI 


Experimental  Patholop,  Laboratories  Inc 


TABLE 


PROJECT  L06139 


PHASE  III,  STUDY  79 

MALE  RATS  SUMMARY  INCIDENCE  TABLE 

GROUP  VII  &  VI I -RECOVERY  1.0  MG/L 

3.5  HOURS/DAY 


Group 

Exposure  Frequency 

VIIR 

F2 

VII 

FI 

VII 

F2 

VII 

F3 

NASAL  TURBINATE-LEVEL  1 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 

Hemorrhage 

0 

Acute  Inflammation 

0 

0 

0 

0 

NASAL  TURBINATE-LEVEL  2 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 

Hemorrhage 

0 

0 

1 

Exudate 

0 

0 

| 

TRACHEA 

(Number  Examined) 

(4) 

(4) 

(4) 

(4)‘ 

Hemorrhage 

0 

0 

0 

■EH 

Lymphocytic  Infiltrate 

0 

MW 

mm 

Squamous  Metaplasia 

0 

■ 

PULMONARY  LYMPH  NODE(S) 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 

Hemorrhage 

1 

0 

0 

i 

Edema 

1 

3 

0 

i 

Lymphocytic  Hyperplasia 

3 

1 

3 

2 

Macrophage  Hyperplasia 

0 

2 

0 

1 

Lymphocytic  Infiltrate 

0 

0 

0 

0 

t  PI 


Q  pi 


B68 
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♦ 


# 


c 


i 


PHASE  III,  STUDY  79 

MALE  RATS  SUMMARY  INCIDENCE  TABLE 

GROUP  VII  &  VII-RECOVERY  1.0  MG/L 
3.5  HOURS /DAY 


Group 

Exposure  Frequency 

VIIR 

F2 

VII 

FI 

VII 

F2 

VII 

F3 

LUNG 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 

Atelectasis 

2 

1 

2 

2 

Hemorrhage 

0 

0 

0 

0 

Focal  Lymphocyte  Aggreqa 

te 

0 

0 

0 

0 

Alveolar  Macrophages 

0 

1 

4 

0 

Interstitial  Inflammatio 

n 

0 

0 

0 

0 

Terminal  Bronchiolar 

Fibrosis 

4 

4 

4 

4 

Eosinophilic  Infiltrate 

0 

1 

1 

MANDIBULAR  LYMPH  NODE(S) 

(Number  Examined) 

(2) 

(0) 

(2) 

(2) 

Lymphocytic  Hyperplasia 

2 

0 

2 

2 

Macrophage  Hyperplasia 

1 

0 

0 

1 

Edema 

0 

0 

1 

Hemorrhaqe 

2 

1 

2 

1 

SEMINAL  VESICLE 

(Number  Examined) 

(1) 

(0) 

(0) 

(1) 

Ejaculate 

0 

1 

URINARY  BLADDER 

(Number  Examined) 

(2) 

(2) 

(2) 

(1) 

Concretion 

1 

1 

2 

1 

LIVER 

(Number  Examined) 

(0) 

(0) 

(0) 

(0) 

Necrosis 

0 

0 

0 

0 

Hemorrhage 

0 

0 

0 

0 

E  PL 

Experimental  Patholog\  Laboratories  Inr 

V 
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5 


& 

* 


I 
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f 

J 
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PROJECT  L06139 
PHASE  III,  STUDY  79 
MALE  RATS 

SUMMARY  INCIDENCE  TABLE 

GROUP  VII  &  VII-RECOVERY  1.0  MG/L 

3.5  HOURS/DAY 


Group 

Exposure  Frequency 

VIIR 

F2 

VII 

Fi 

VII 

F2 

VII 

F3 

THYMUS 

(Number  Examined) 

(0) 

(0) 

(0) 

(0) 

Hemorrhage 

0 

0 

1 

0 

TAIL 

(Number  Examined) 

(0) 

(0) 

(0) 

-  -  - 

(0) 

Erosion 

0 

0 

0 

HIND  LEG 

(Number  Examined) 

(0) 

(0) 

(0) 

(0) 

Hemorrhage 

0 

0 

0 

0 

MESENTERIC  LYMPH  NODE(S) 

(Number  Examined) 

(0) 

(0) 

(0) 

wnm 

Edema 

0 

1 

1 

0 

Lymphocytic  Hyperplasia 

0 

0 

Macrophage  Hyperplasia 

0 

1 

1 

0 

DIAPHRAGM 

(Number  Examined) 

(0) 

(0) 

(0) 

(0) 

KIDNEY 

(Number  Examined) 

(0) 

(0) 

(0) 

(0) 

PROSTATE 

(Number  Examined) 

(0) 

(0) 

(0) 

(0) 

Edema 

0 

0 

0 

IP  l 


Experimental  Patholo|>\  Laboratories.  In< 
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PHASE  III,  STUDY  79 

MALE  RATS  J  J 

1  M 

GROUP  I  0.0  MG/L  ”  f 

L  R 

3.5  HOURS/DAY 

PULMONARY  LYMPH  NODE(S) 

Hemorrhage 

Edema 

Lymphocytic  Hyperplasia 

Macrophage  Hyperplasia 

Lymphocytic  Infiltrate 

LUNG 

Atelectasis 
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Focal  Lymphocyte  Aggregate 

Alveolar  Macrophages 

Interstitial  Inflammation 

Terminal  Bronchiolar  Fibrosis 

Eosinophilic  Infiltrate 
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Key  P  =  Present  N  =  No  Section  A  =  Aiifolvsis  X  »  Not  RemarKaOte 

-  1  =  Minima'  2  =  Slight  3  =  Moderate  4  =  Moderateiy  Severed  igh 

Patholouv  Laboratories,  I  nr  5  -  Severe 'High  I  =  incomplete  Section 


H1STOPATHOLOGY  INCIDENCE  TABLE 


HISTOPATHOLOGY  INCIDENCE  TABLE 


Key*  P  »  Present  N  «  No  Section  A  =  Autotysis  X  =  Not  Remarkable 

- 1  tt  Minimal  2  *  Slight  3  =  Moderate  4  *  Moderately  Srvere/Hiqh 

:porimcntal  Pathology  Laboratories,  Inc  5  *  Severe/High  I  **  incomplete  Section 
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Key;  P  *  Present  N  «  No  Section  A  =  Autoiysrs  X  =  Not  Remarkable 

- -  ■  ■  — —  1  =  Minimal  2  —  Slight  3  =  Moderate  4  =  Moderately  Severe/High 

F  xporimental  (’atholoav  Labor.itonos,  Inc.  5  =  Severe/High  I  «-  incomplete  Section 


HISTOPATHOLOGY  INCIDENCE  TABLE 


Key  P  -  Present  N  =■  No  Section  A  -  Aototysis  X  =  Not  Remarkable 

_  1  =  Minimal  2  «=  Slight  3  =  Moderate  4  =  Moderately  Sevcre/Hi<ih 

f.vpprimentill  1’atholop.Y  L<thor.itori«*s,  Inc  5  =  SeveretHigh  I  =  Incomplete  Section 


HISTOPATHOLOGY  INCIDENCE  TABLE 
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findings  were  reported  to  the  Study  Director  and  Management. 
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septa  was  recorded  as  "1",  minimal.  Some  of  the  animals  that  had 
minimal  to  mild  amounts  of  thickening  of  the  terminal  bronchiole 
and  Its  associated  alveolae  did  have  a  mild  amount  of  collagen, 
i.e., grade  2,  compared  to  the  controls.  In  other  animals  the 
amount  of  stalnable  collagen  present  was  not  any  greater  than  In 
the  control  animals*  indicating  that  collagen  fibers  did  not 
comprise  all  of  the  thickening  present.  Moderate  amounts  of 
collagen  were  present  in  most  of  the  animals  that  were  previously 
graded  as  3  -  terminal  bronchlolar  fibrosis. 

V 

t 

CONCLUSIONS 

The  results  of  this  microscopic  examination  indicate  that 
the  thickening  of  the  terminal  bronchiole  and  its  associated 
alveolae  is  indeed  due,  in  part,  to  fibrosis  -  the  formation  of 
new  collagen  fibers  in  excess  of  what  would  normally  be  present. 
Fibrosis  does  not  account  for  all  of  the  thickening.  In  animals 
where  the  thickening  was  minimal,  an  increase  in  stainable 
collagen  was  not  readily  demonstrated.  As  the  thickening  became 
mild  to  moderate  in  severity,  increased  amounts  of  collagen  in 
these  areas  were  apparent. 


W.Q.  Iverson,  u.V.M 
Diplomate,  A.C.V.P. 
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qUAUTY  ASSURANCE 
REPORT  CERTIFICATION 
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nil  pirti  Of  the  pathology  phase  of  this  study,  including  the 
final  report*  were  reviewed  by  Experimental  Pathology 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  III  STUDY  79 

REPEATED  INHALATION  EXPOSURE  STUDIES 
TO  AEROSOLS  OF  RP/BR 
COMBUSTION  PRODUCTS  IN  RATS 

PATHOL06Y  REPORT  AMENDMENT  #2 
PATHOLOGY  SUMMARY 

Microscopic  examinations  were  performed  on  selected  tissues 
from  male  Sprague-Dawley  rats.  The  purpose  of  these  examinations 
was  to  determine  If  there  were  any  treatment-related  effects  in 
tissues  outside  of  iie  respiratory  tract  from  the  exposure  of 
rats  to  aerosols  of  RP/BR  .ombustion  products.  Tissues  from  rats 
which  had  received  0.0  mg/L  or  1.0  mg/L  for  3.5  hours/day  for 
four  consecutive  days  for  four  weeks  and  the  respective  recovery 
groups  from  these  exposures,  were  jected  for  examination. 

Paraffin  blocks  containing  he  following  tissues  were 
prepared  at  the  Illinois  'stltute  of  Technology  Research 
Institute:  heart,  ey  /i  , ,  adrenals,  liver,  esophagus, 
stomach,  duodenum,  and  urinary  bladder.  The  paraffin  blocks  were 
shipped  to  Experimental  Pathology  Laboratories,  Inc.,  where 
hematoxylin  and  eosln  stained  slides  were  prepared  and  examined. 
A  number  of  animals  did  not  have  urinary  bladder  present  because 
it  had  been  processed  and  examined  as  a  part  of  the  original 
pathology  repor'  for  this  study. 
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RESULTS 

The  microscopic  changes  found  and  a  detailed  listing  of  all 
tissues  evaluated  are  presented  In  the  HI stopathol ogy  Incidence 
Tables.  All  lesions  are  summarized  by  treatment  group  and 
presented  In  the  Summary  Incidence  Tables. 

No  Changes  were  seen  In  the  tissues  examined  which  appeared 
to  be  related  to  the  test  material.  Most  lesions  seen  were 
present  In  the  kidneys  of  both  treated  and  control  animals  and 
consisted  of  early  changes  associated  with  chronic  progressive 
nephropathy,  a  common  degenerative  renal  disease  of  laboratory 
rats.  The  concretions  seen  In  the  urinary  bladder  of  both 
treated  and  control  animals  are  probably  coagulated  protein 
secreted  by  the  male  accessory  sex  glands  at  the  time  of 
euthanasia. 


CONCLUSIONS 


The  re  suits  of  the  additional  microscopic  examinations 
indicate  that  administration  of  RP/BR  to  rats  for  four  weeks  via 
Inhalation  at  1.0  mg/L  for  3.5  hours  per  day  for  four  consecutive 
days  did  not  produce  treatment  related  changes  In  the  heart, 
eyes,  kidneys,  adrenals,  liver,  esophagus,  stomach,  duodenum,  or 
urinary  bladder. 
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GROUP: 

EXPOSURE  FREOUENCY: 

I 

F2 

IR 

F2 

VII 

F2  : 

VIIR 

F2 

'VI 

HEART 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 

< 

EYE 

.... 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 

- 

KIDNEY 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 

Hyaline  Casts 

4 

4 

3 

3 

Tubular  Hyperplasia 

1 

2 

1 

•f 

Intratubular  Mineralization 

3 

3 

1 

2 

Lymphocytic  Infiltrate 

1 

1 

1 

V. 

•*v 

ADRENAL 

II 

wmm 

mm 

■■ 

SB 

mm 

•  < 

LIVER 

— i 

(Number  Examined) 

mu 

m 

m 

(41 

i 

ESOPHAGUS 

(Number  Examined) 

m 

(4) 

mu 

in 

STOMACH 

1 

mam 

(4) 

1 

DUODENUM 

(Number  Examined) 

(4) 

(4) 

(4) 

(4) 
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PATHOLOGY  SYNOPSIS 


Treatement-related  gross  morphologic  lesions  were  observed  in  thoracic 
cavity  and  lungs  in  Sprague-Dawley  rats  from  the  experimental  group  that 
died  spontaneously  during  the  study.  Micros^. Die  examination  of  the 
tissues  did  not  reveal  any  treatment-related  ianges  in  the  heart,  eyes, 
kidneys,  adrenals,  livers,  esophagus,  stomach,  duodenum,  urinary  bladder, 
trachea  and  pulmonary  lymph  nodes.  Inhalation  of  RP/BR  by  male  rats  for  ■ 
2.25  hours  per  day  for  four  consecutive  days  for  four  weeks  at  0.75,  1.0 
or  1.2-1. 3  mg/1  exposure  levels  induced  terminal  bronchiolar  fibrosis  in 
both  terminal  and  recovery  sacrifice.  Inflammation  of  nasal  turbinates 
was  another  change  which  was  treatment-related.  Most  of  the  rats  that 
died  spontaneously  had  congestion  of  the  nasal  turbinates,  lung  and  liver. 
Four  of  the  sixteen  rats  which  died  spontaneously  had  very  minimal  terminal 
bronchiolar  fibrosis. 


Vladislava  S.  Rac,  M.S.,  D.V.M. 
Scientific  Advisor  j 

Veterinary  Pathologist 
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GROSS  NECROPSY  OBSERVATIONS 
Phase  III  Study  Number  79S 


In  accordance  with  experimental  protocol,  gross  examinations  of  organs 
and  tissues  were  performed  on  120  male  Sprague-Dawley  rats  in  the  toxicology 
group  of  Project  L6139  Study  Number  79,  Supplemental  (79S).  The  rats  were 
divided  into  seven  groups  each  containing  male  rats.  The  rats  were  exposed 
to  various  concentrations  of  RP/BR  aerosol  for  2.25  hours  per  day  for  four 
consecutive  days  for  four  week  periods.  Four  of  the  seven  groups  of  rats 
were  sacrificed  on  the  day  of  their  last  exposure  while  the  rats  in  the 
remaining  three  groups  (the  recovery  groups)  were  sacrificed  14  days  fol¬ 
lowing  their  last  exposure.  The  groups,  treatment,  number  of  rats  per 
group,  and  corresponding  exposure  concentration  levels  are  outlined  below. 


T  reatment 
Group 

Treatment 

Number  of 
Rats 

Exposure 
Concentration 
Levels  (mg/1) 

22 

Filtered  Air 

15 

0.0 

23 

RP/BR  Aerosol 

14 

0.75 

24 

RP/BR  Aerosol 

15a 

1.0 

25 

RP/BR  Aerosol 

30a 

1.3  or 

26 

Filtered  Air 

16 

0.0 

27 

RP/BR  Aerosol 

16 

1.0 

28 

RP/BR  Aerosol 

14 

1.3  or 

MATERIALS  AND  METHODS 


The  rats  were  anesthesized  with  Nembutal  exsanguinate  by  way  of  the 
abdominal  aorta  and  necropsied.  The  organs  were  examined  and  fixed  in  10% 
neutral  buffered  formalin  for  a  period  of  no  less  than  48  hours  before 
further  processing.  The  lungs  were  fixed  by  intratracheal  perfusion  of 
formalin. 


The  following  tissues  were  collected  at  necropsy.  Tissues  marked 
with  an  asterisk  (*)  in  the  list  below  were  processed  by  Histology  Labora¬ 
tory  embedded  in  paraffin  and  resulting  blocks  were  sent  to  EPL  for  further 
processing  and  microscopic  examination. 


Skin/Mammary  Gland 

Tongue 

Larynx 

Parathyroi  d/Thyroi  d 
♦Trachea 


Ileum 

Jejunum 

Mandibular 

♦Eyes 

Brain 


Lymph  Nodes 


♦Li ver 
♦Kidneys 
♦Adrenal  Glands 
Spleen 
Pancreas 


a  Includes  spontaneous  mortalities 
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♦Esophagus 

♦Heart 

Thymus 

♦Lungs 

♦Urinary  Bladder 
♦Stomach 
♦Duodemon 
Salivary 

Femur/Bone  Marrow 


Spinal  Cord 
(Cervical) 
Pituitary  Gland 
Ears  (Tag) 

♦Nasal  Turbinates 
♦Respiratory  Lymph 
Nodes 
Sternum 
Testes 


Cecum 

Colon 

Mesenteric  Lymph 
Nodes 

Skeletal  Muscle 
Sciatic  Nerve 
Mandibular  Glands 


A  summary  of  gross  observations  is  presented  by  groups  in  the  Necropsy 
Observations  Tables. 


PATHOLOGY  RESULTS 

Gross  Observations:  Treatment-related  lesions  were  observed  in  rats 
that  died  spontaneously  during  the  study.  The  lesions  consisted  of  mottled 
red,  dark  red  lungs,  thoracid  cavity  containing  red  fluid,  and  dark  red 
liver.  No  treatment-related  changes  were  found  at  necropsy. 

SUMMARY  AND  CONCLUSIONS 

Treatment-related  lesions  were  observed  in  lungs  and  liver  of  the 
rats  that  died  during  the  study. 
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Necropsy  Observations 
Spontaneous  Deaths 


Necropsy  Observations 
Spontaneous  Deaths 
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Necropsy  Observations 

Recovery  Group 
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EXPERIMENTAL  PATHOLOGY  LABORATORIES,  INC. 


IITRI  PROJECT  NUMBER  L06139 
PHASE  III  STUDY  79-S 
INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR 

COMBUSTION  PRODUCTS  IN  RATS 
PATHOLOGY  SUMMARY 

Microscopic  examinations  were  performed  on  selected  tissues 
from  male  Sprague-Da wl ey  rats.  The  purpose  of  this  study  was  to 
evaluate  the  effects  of  exposure  concentration  and  recovery  time 
of  the  repeated  exposure  of  rats  to  combustion  products  of  Red 
Phosphorus/Butyl  Rubber  (RP/BR)  on  various  biologic  endpoints. 
This  report  contains  the  histopathologic  findings.  The 
experimental  design  for  this  study  was  as  follows: 


Treatment 

Group 

Code 

Concentration 

mg/L 

Recovery 

Number  of 
Rats 

22 

CO 

0 

No 

15 

23 

Cl 

0.75  1 

No 

14 

24 

C2 

1.0 

No 

15 

25 

C3 

1.3  or  1.2 

No 

30* 

26 

CO 

0 

Yes 

16 

27 

C2 

1.0 

Yes 

16 

28 

C3 

1.3  or  1.2 

Yes 

14 

*  Sixteen  of 
before  the 

the  Treatment  Group  25  animals 
completion  of  all  exposures. 

died  spontaneously 

All  animals 

were  exposed 

for  2.25  hours 

per  day 

for  four 

consecu  ti ve 

days 

for  four 

wee  ks.  Recovery 

animals 

were  then 

untreated  for 

an 

addi ti ona 1 

fourteen  days. 

experimental  pathology  LABORATORIES,  INC. 


The  Group  designations 

used 

in  this  report  are 

as  follows: 

Group 

Code 

Concentrati on 

mq/L _ 

Recovery 

1 

CO 

0 

No 

2 

CO 

0 

Yes 

3 

Cl 

0.75 

No 

4 

C2 

1.0 

No 

5 

C2 

1.0 

Yes 

6 

C3 

1.3  or  1.2 

No 

7 

C  3 

1.3  or  1.2 

Yes 

All  animals  in 

Groups  6 

and 

7  have  a  small 

case  letter 

designation  added  to  the  animal  number  which  specifies  the  exact 
exposure  regimen  that  animal  received.  The  exposure  regimens 
are : 

a.  1  exposure  for  70  min.  at  1.6  mg/L  and  65  min  at  1.3  mg/L 

b.  1  exposure  for  2.25  hr.  at  1.3  mg/L 

c.  14  exposures  for  2.25  hr.  at  1.2  mg/L 

d.  specified  number  of  exposures  for  2.25  hr.  at  1.2  mg/L 

All  rats  were  necropsled  and  gross  and  histologic 

evaluations  of  the  respiratory  tract  were  conducted.  According 
to  protocol,  the  following  tissues  were  trimmed  and  processed  to 
paraffin  blocks;  trachea,  pulmonary  lymph  nodes,  each  lung  lobe, 
nasal  turbinates  and  gross  lesions.  The  paraffin  blocks  were 
then  shipped  to  Experimental  Pathology  Laboratories,  Inc.  where 
hematoxylin  and  eosin  stained  slides  were  prepared  and  examined. 
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RESULTS 

The  microscopic  changes  and  a  detailed  listing  of  all 
tissues  evaluated  are  presented  in  the  Tabulated  Animal  Data 
Tables.  All  lesions  are  summarized  by  treatment  group  and 
presented  in  the  Project  Summary  Tables.  A  correlation  of 
lesions  observed  at  necropsy  with  the  corresponding  microscopic 
observation,  where  possible,  is  presented  in  the  Correlation  of 
Gross  and  Micro  Tables.  The  gross  observations  in  these  tables 
were  transcribed  from  the  necropsy  sheets  provided  with  the 
paraffin  blocks. 

The  primary  treatment-related  change  seen  histologically  in 
the  study  was  in  the  lung  and  was  diagnosed  as  "terminal 
bronchiolar  fibrosis".  The  lesion  consisted  of  thickening  of  the 
alveolar  walls  where  the  terminal  bronchiole,  lined  by  cuboidal 
epithelium,  joined  the  alveolar  sacs.  The  thickening  consisted 
of  a  heterogeneous  eosinophilic  material  compatible  with 
collagen,  containing  small  numbers  of  cells.  Larger  cells  with 
prominent  nuclei  frequently  lined  the  affected  area.  These  cells 
appeared  to  be  macrophages  or  activated  Type  II  pneumocytes.  All 
animals  which  were  sacrificed  in  all  the  treated  groups,  both 
terminal  and  recovery  sacrifice,  had  terminal  bronchiolar 
fibrosis.  The  lesion  was  generally  mild  in  Group  3  and  4  animals 
which  received  0.75  or  1.0  mg/L  respectively.  Group  5,  6  or  7 
animals  had  moderate  fibrosis.  A  single  animal  in  Groups  6  and  7 
had  severe  terminal  bronchiolar  fibrosis.  Four  of  the  Group  6 
animals  which  died  spontanteously  had  very  minimal  thickening  of 
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the  terminal  bronchioles.  Another  change  which  may  be  treatment 
related  was  inflammation  of  the  nasal  turbinates.  This  consisted 
of  an  Increase  in  numbers  of  lymphocytes  in  the  submucosa  with 
infiltration  of  the  mucosa  by  the  same  cells.  Neutrophils  were 
sometimes  also  present.  The  inflammation  was  usually  only 
minimal  in  severity  but  approximately  one-half  of  the  C2  and  C3 
recovery  animals  had  it  in  the  most  posterior  section  of  the 
nasal  turbinate  (level  2).  A  substantial  number  of  recovery 
control  animals,  had  inflammation  in  level  1  of  the  turbinate  as 
did  C2  and  C3  recovery  animals. 

Most  of  the  animals  in  the  high  dose  group  (Group  6)  which 
died  spon taneously  had  congestion  of  the  nasal  turbinates,  lung 
and  liver.  This  was  to  be  expected  in  an  animal  that  was  not 
exsanguinated  at  the  time  of  death.  Four  of  the  sixteen  animals 
which  died  spontaneously  had  very  minimal  terminal  bronchiolar 
fibrosis. 

All  other  changes  seen  in  this  study  occurred  in  both 
control  and  treated  animals  or  were  present  in  such  low  incidence 
as  to  not  be  considered  treatment  related. 

CONCLUSIONS 

The  results  of  these  microscopic  examinations  indicate  that 
the  administration  of  RP/BR  to  rats  for  2.25  hours  per  day  for 
four  consecutive  days  for  four  weeks  at  0.75,  1.0,  1.2  or  1.3 
mg/L  produced  mild  to  moderate  terminal  bronchiolar  fibrosis. 
The  lesion  was  more  severe  in  animals  that  received  >  1.2  mg/L  or 
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in  the  recovery  animals  that  received  1.0  mg/L  than  in  those  that 
received  lower  doses.  Several  of  the  recovery  animals  that 
received  1.0,  1.2  or  1.3  mg/L  of  combustion  products  of  RP/BR  had 
a  slight  Increase  in  inflammation  of  the  posterior  nasal 
turbinates  relative  to  the  recovery  control  animals.  Most  of  the 
changes  seen  in  sixteen  high  dose  animals  which  died 
spontaneously  were  related  to  blood  in  the  tissues  (congestion). 
Four  of  these  animals  did  have  minimal  thickening  of  terminal 
bronchioles. 


W.O. Iverson, D . VOi . 
Diplomate  ACVP 
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INHA  LAI  ICW  EXPOSURE  STUDIES 
WITH  RP/BR  C0HBU5T ION  PROBUCIS 
PROJECT  NUHBER  L06139 
PHASE  III.  STUDY  79-S 
CGNCENTRAI ION  --  CO 


Tabulated  Animal  Data 


PROJECT  ID:  221-008  GROUP:  2  PATES:  Recovery  Sacrifice 

PAGE  2  SEX:  HALE  DAYS:  ALL 


ANIMAL  ID.  NO:  85  418  419  420  421  422  423  424  425  426 

OTHER  TISSUES  AND  LESIONS: 

TESTIS*  Tubular  Atrophy 
TESTIS-  Mineralization 
TESTIS-  Asperiato^eriesis 
CECUM-  Comeetion 


.X-'-.:i--.  Vk.71  /.-<>  U  *-'  H  ~  »  U-».k:  Ik-1 


INHALAIION  EXPOSURE  STUDIES 
WITH  RP/B8  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III.  STUDY  79-S 
CONCENTRATION  --  CO 


Tabulated  Animal  Data 


PROJECT  ID:  221-008  GROUP:  2 
PAGE  1  sex:  HALE 

ANIMAL  ID.  NO: 


FATES:  Recovery  Sacrifice 
DATS:  ALL 

727  428  429  430  431  AM- 


NASAL  TURBINATE  -  LEVEL  1 
Int  l  motion 


1  i 


N  ii 


NASAL  TURBINATE  -  LEVEL  2 
Int  i  motion 


M  N  N  N 


TRACHEA 

Lyepnocylic  Infiltrate 


FULrlONARf  LYMPH  NODE 
Heiorrhwe 

Lyaphocytic  Hyperplasia 
Hacropnaje  Hyperplasia 


N  N 


1  1 
1 


LUNG 

Atelectasis 
Alveolar  Hacrophaoes 
Interstitial  Inflaoation 
Eosinophilic  Infiltrate 


1  1 


343 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-5 
CONCENTRATION  --  CO 


Tabulated  Animal  Data 


PROJECT  10:  221 '008  GROUP:  2  FATES:  Recovery  Sxnfice 

PAGE  2  SEX:  HALE  DAYS:  ALL 

AN  INAL  ID.  MO:  427  428  430  431  432 

OTHER  TISSUES  AND  LESIONS: 


TESTIS-  lobular  Atrophy 
TESTIS-Speraatidic  Giant  Celia 
CECUM-  Horn! 


1 

1 

P 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/6R  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  106139 
PHASE  III.  STUDY  79-S 
CONCENTRATION  -  Cl 


Tabulated  Animal  Data 


PROJECI  ID:  221-008  GROUP:  3  FATES:  Ieramal  Sacrifice 

PAGE  1  SEX:  MALE  DAYS:  ALL 


ANIMAL  ID.  NO: 


373 


377 


379  380  381 


332  333 


NASAL  TURBINATE  -  LEVEL  1 
Miner alication 


N  M 


NASAL  TURBINATE  -  LEVEL  2 
Heaorrnaqe 


H  H  H  H  '  N 


N 


TRACHEA 


N  H  ii  it  N  N  H 


H  N  it 


PULMONARY  LiNFH  NODE 
lieaorrh3qe 

Lyapnocvtic  Hyperplasia 
Macrophage  Hyperplasia 


1 

1111 

1 


LUNG 

Heaorrhage  1 

Alveolar  Hacrjphages  *  1 

Intsrstitiai  Inflaaaation  -  1 

lernnal  Broncniolar  Fibro.  2  2 

Eosinophilic  Infiltrate 


2  2 

1 


3^5 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/6R  COHBUST ION  PRODUCTS 
PROJECT  WWlDER  106139 
PHASE  III,  STUDT  79-S 
CONCENTRATION  -  Cl 


Tabulated  Animal  Data 


PROJECT  id:  321*008 
PAGE  2 


GROUP:  3 

sex:  hale 


FATES:  lerairnl  Sacrifice 
D n  r j  :  all 


ANIMAL  ID.  NO: 

OTHER  I  ISSUES  AND  LESIONS: 

URINARY  BLADDER*  Noraal 
TESTIS-  Tubular  Atropny 
TESTIS-  Asperiatogenesis 


377  378  379  330  231  332  333 


*.sj 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  ?9-S 
CONCENTRATION  ~  Cl 


Tabulated  Animal  Data 


PROJECT  ID:  221-008  GROUP:  3 
PAGE  1  sex:  MALE 


ANIMAL  ID.  NO: 
NASAL  TURBINATE  -  LEVEL  1 


NASAL  TURBINATE  -  LEVEL  2 


TRACHEA 


PULMONARY  LYMPH  NODE 
lleiorrhase 

Lyaonocytic  Hyperplasia 
Microphage  Hyper piisn 


LUNG 

Atelectasis 

focal  Lymphocyte  Aggregate 
Terainal  Broncruolar  Eibro. 
Eosinophilic  Infiltrate 


FATES:  Terainal  Sacrifice 
DAYS:  ALL 


30S  386  387 

N  N  N 


N  N  N  N 


N  N  N  N 


3**7 
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INHALATION  EXPOSURE  STUDIES 
WIIH  RF/fR  COhPUSI 10H  PRODUCTS 
PROJECT  NUHBER  L0G139 
PHASE  III,  STUDY  79-5 
CONCENTRATION  -  Cl 


Tabulated  Animal  Data 

PROJECT  ID:  221-008 

PAGE  2 

group:  3 
sex:  hale 

FATES:  Teraxnal  Sacrifice 

DAYS:  ALL 

ANIHAL  ID.  NO:  334  335  3S6  387 

OTHER  TISSUES  AND  LESIONS*. 


HAN  LH-  Lyapno.  Hyperplasia 
HAN  IN-  Heaorrhrye 


*  v 

3? 


348 


k  INHALATION  EXPOSURE  STUDIES 

WITH  RP/PR  COilPUST ION  PRODUCTS 
PRQJECI  NUMBER  L06139 
PHASE  III,  STUDY  79-S 
CONCENTRATION  -  C2 


Tabulated 


Animal  Data 


PROJECT  ID:  221-008  GROUP:  4  PATES;  terainal  Sacrifice 

PAGE  1  SEX:  MALE  DAYS:  ALL 


ANIMAL  ID.  NO:  3C3  3G9  300  301  302  303 


304  305  306  307 


NASAL  TURBINATE  -  LEVEL  1 
Infliaeation 


N 


NASAL  TURBINATE  -  LEVEL  2 
Heaorrhaqe 


N 


I  TRACHEA 

PULMONARY  LYMPH  NODE 
Heaorrhaqe 

Lyaphocytic  Hyperplasia 
Macrophage  Hyperpiaaia 


LUNG 

Atelectasis 

Focal  Lyapnocyte  Aweqate 
Alveolar  rtacrophaqer 
§i  Interstitial  Inflaaaation 

Terainal  Bronchiolar  Fit-ro. 
Eosinopnilic  Infiltrate 


N  N  M  N  N  N 


N  N  N 


1 

1 

I 


2 

1 

1 


W 


m 


3*»9 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/Bfc  COMBUST IOH  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III.  STUDY  79-S 
CONCENTRATION  -  C2 


- - -  - - 

Tabulated  Animal 

Data 

... 

PROJECT  ID:  221-008 

PAGE  1 

GROUP:  4 

SEX:  HALE 

FATES:  Ierainal  Sacrifice 

DAYS:  ALL 

ANIMAL  10.  NO: 

3S3 

399  400 

401 

402 

NASAL  TURBINATE  -  LEVEL  1 

N 

N 

N 

N 

Mineralisation 

1 

” 

“ 

NASAL  XUUINAIE  -  LEVEL  2 

N 

H  N 

N 

N 

TRACHEA 

N 

N  N 

N 

N 

PULMONARY  LYMPH  NODE 
Heaorrhaqe 

1 

2 

V 

Lyaphocytic  Hyperplasia 

1 

1  1 

«• 

- 

Hacrophaqe  Hyperplasia 

1 

“ 

LUNG 

Atelectasis 

1 

- 

- 

- 

Ierainal  Brortchioiar  Eibro 

i.  2 

•} 

m  m 

A 

M 

•> 

* 

•  L. 


r,  A 
a'/ 
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INHALATION  EXPOSURE  SIOOitG 
WITH  RP/DR  COHBUSTIOH  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-3 
CONCENTRATION  «  C2 


Tabulated  Animal  Data 


PROJECT  ID:  221-008  GROUP:  4  PATES:  fffMAti  $MPi(lCf 

PAGE  2  SEX:  MALE  DAYS;  ALL 


ANIMAL  ID.  NO:  2%  S99  400  401  402 


iV1 

px 

-•v 

I.*) 


OTHER  TISSUES  AND  LESIONS! 

URINARY  BLADDER-  Concretion  P 


(  £ 


rip 


*,  V 
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INHALATION  EXPOSURE  STUDIES 
WITH  RI'/BR  COMBUSTION  PRODUCIS 
PROJECT  NUMBER  L0G139 
PHASE  Ill.  STUDY  79-S 
CONCENTRATION  --  C2 


Tabulated  Animal  Data 


PROJECT  ID!  221-000 

m  i 


GROUP!  5 
SEX:  MALE 


FATES:  Recovery  Sacrifice 
DATS!  ALL 


ANIMAL  ID.  NO: 


106 


433  434  435  43G  437  433  439  440  441 


NAiiAL  TURBINATE  -  LEVEL  1 
Infliaeation 
EwJate 


NASAL  TURBINATE  -  LEVEL  2 
infliAaation 


TRACHEA 

Lyeohocytic  Infiltrate 


1  4 


PUlrtONAH  ,HPH  NODE 
lleaorrime 

Lyephocytic  Hyperplasia 
Macro pnage  Hyperplasia 


LUNG 

Atelectasis 

lleaorrhige 

Focal  Lyapnocyte  Aggregate 
Alveolar  Macrophages 
Interstitial  lnflaaaation 
Terainal  Bronchiolar  Fibro. 


2 

2 

3  3 


1 
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INHALATION  EXPOSURE  SIUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III.  STUDY  79-S 
CONCENTRATION  --  C2 


Tabulated  Animal  Data 


PROJECT  ID:  221-008  GROUP:  5  FATES:  Recovery  Sacrifice 

PAGE  2  SEX:  HALE  DAYS:  ALL 

ANIMAL  IB,  NO:  106  433  434  435  436  437  438  439  440  441 

-  OTHER  I  ISSUES  AND  LESIONS: 

NAN  LN-  Lyspho.  Hyperplasia  4  ------ 

NAN  LN-  Heiorrhas®  1  ------ 

URINARY  BLADDER-  Concretion  -------P-- 


PsAJAxr  ift-O  r.VAa*  JjbJI  IT-Htts  rURJi*.'*  = 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  111.  STUDY  79-S 
CONCENTRATION  --  C2 


O  bl_. 

1 


Tabulated  Animal  Data 


PROJECT  ID:  221-008  GROUP:  5 
PAGE  1  sex:  MALE 

ANIMAL  ID.  NO: 

NASAL  TURBINATE  -  LEVEL  1 
Inflaeeation 


NASAL  TURBINATE  -  LEVEL  2 
Inflaeeation 


TRACHEA 

Lviphocytic  Infiltrate 


PULMONARY  LYMPH  NODE 
Heiorrhwe 

Lviphocytic  Hyperplasia 
Macrophage  Hyperplasia 


LUNG 

Atelectasis 

Heiorrhaoe 

Focal  Lyipnocyte  Aweoate 
Interstitial  Inf  1  amt  ion 
Temnal  fronchialar  Fibro. 
Eosinophilic  Infiltrate 


EATES:  Recovery  Sacrifice 
DAYS:  ALL 

"442  443  444  445  446  447" 


H  N 


1  1 


1  1 


1  1 


kotj.ii 

Otl 

M 


ass 

v;.* 

■ 

fy.-' 

L«f& 


>A 

...  i  .« 

r.% 


>~s  w'^  »>  >> 


r-  .r* 


PROJECT  ID:  221-008 
PAGE  2 


ANIMAL  ID. 


INHALATION  EXPOSURE  STUDIES 
UITH  RP/BR  COMBUST  ION  PRODUCTS 
PROJECT  NUHDER  106139 
PHASE  III.  STUDY  79-S 
CONCENTRATION  --  C2 


Tabulated  Animal  Data 


GROUP:  5  FAIRS:  Recovery  Sacrifice 

sex:  hale  days:  all 


442  443  444  445  44b  447 


OTHER  I  ISSUES  AND  LESIONS 

CECUH-  Heiorrhase 
RECTUM-  Normal  ’ 


rm  _  n  „  .  ■  .r 


s.  r.  c.  v*  •Tr  -v 


INHALATION  EXPOSURE  STUDIES 
WITH  ftP/BR  COhBUST  ION  PRODUCTS 
PROJECT  ULMER  L0613S 
PHASE  HI.  STUDY  79-S 
CONCENTRATION  --  C3 


Tabulated— Animal  Data 


PROJECT  ID:  221-006  GROUP:  S 
PAGE  1  SEX:  HALE 

rtlilflAL  ID.-rtOt 

NASAL  TURDINATE  -  LEVEL  1 

NASAL  IURB  IRATE  -  LEVEL  2 

TRACHEA 


PULnONAftY  LinPH  NODE 
Heaorrhiqe 

lyapnocytic  Hyperplasia 
Macrophage  Hyperplasia 


LUNG 

Atelectasis 

Heaorrhage 

Terainal  Dronchiolar  Fibro. 
Eosinophilic  Infiltrate 
Lyapnocytic  Aggregate 


FATES:  lerainal  Sacrifice 
DAYS:  ALL 


404abc -«.05.abc-  AOS  408abc  aOSabe  410-abc  •illioc  4l2abC  4l3abc  -4l4abc 


H  N 


H  H  N  N  it  it  ft  N  H 


It  it  H  it 


it  H  it 


it  it 


3  3 


356 


•v 

5: 


V.>V,V^y> 


W.“-V.V_V 


i 


357 
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INH ALAI ION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PKOJECT  NUMBER  L06139 
PHASE  III.  STUDY  79-S 
CONCENTRATION  --  C3 


Tabulated  Animal  Data 


PROJECT  ID:  7.21 -003  GROUP 

PAGE  1  SEX 

:  6 

:  MALE 

BATES:  Tertanal  Sacrifice 
DAYS:  ALL 

ANIMAL  ID.  NO: 

416abc 

463c  460c 

470c 

NASAL  TURBINATE  -  LEVEL  1 

N 

N 

N 

N 

NASAL  IUR8MAIE  •*  LEVEL  2 

N 

N 

N 

N 

TRACHEA 

N 

H 

N 

N 

PULMONARY  LYMPH  NODE 

N 

Lyephocytic  Hyperplasia 

“ 

1 

1 

1 

LUNG 

Atelectasis 

0 

* 

- 

- 

2 

Ierainal  Bronchiolar  Fibre. 

3 

4 

3 

3 

INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III.  STUDY  79‘S 
CONCENTRATION  -  C3 


.  . . --  -  - 

Tabulated  Animal 

Data 

- 

— 

- .... .  . . . 

PROJECT  id:  221-003  GROUP: 

PAGE  1  SEX: 

HALE 

FATES: 

DAYS: 

Sooritaneou 

ALL 

s  Death 

ANIMAL  ID.  HO: 

73b 

141bd  202ab  273a!  3 

33ab  345aod 

349abd 

356b 

403ab  407abd 

NASAL  TURBINATE  -  LEVEL  1 

ti 

Congestion 

1 

1 

• 

0 

i 

1 

1 

1 

1 

1 

NASAL  TURBINATE  -  LEVEL  2 

N 

N 

H 

Congestion 

1 

~ 

2 

- 

1 

1 

0 

1 

1 

IRACHEA 

N 

H 

N 

N 

N 

Autolysis 

- 

1 

2 

- 

- 

3 

- 

- 

- 

- 

Congestion 

w 

1 

1 

1 

~ 

•  . 

— 

1 

* 

PULMONARY  LYMPH  NODE 

H 

Heiorrhage 

1 

2 

2 

3 

- 

1 

1 

1 

2 

Lyiphocvtic  Hyperplasia 

n 

it 

- 

- 

1  * 

- 

- 

1 

2 

1 

- 

Macrophage  Hyperplasia 

* 

“ 

“ 

” 

1 

" 

" 

• 

LUNG 

Atelectasis 

- 

- 

- 

1 

1 

- 

1 

- 

3 

Meeorrhaoe 

- 

1 

3 

1 

1 

1 

1 

1 

it 

Alveolar  Macrophages 

- 

- 

- 

- 

- 

1 

1 

1 

- 

- 

Terninal  Bronciuolar  Fibre. 

- 

1 

- 

- 

- 

l 

i 

- 

- 

- 

Congestion 

it 

•> 

it 

4 

3 

U 

4 

■“k 

it 

•% 

it 

A 

4 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/8R  COttBUST ION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III.  STUDY  79-S 
CONCENTRATION  -  C3 


Tabulated  Animal  Data 


PROJECT  id:  221-008  GROUP:  6  FATES:  Spontaneous  Death 

PAGE  2  SEX:  MALE  DATS:  ALL 


ANIMAL  ID.  NO:  73b  Mlbd  2023b  298at<  303ab  345abd  3«abd  35bb  403ab  407abd 

OTHER  TISSUES  AND  LESIONS! 


LIVER-  Necrosis 

LIVER-  Conjeation  2  2 

LIVER-  Gentnlob.  Vacuolation  1 

KIDHET-  Congestion 
KIDNEY-  Auiolvsis 
SPLEEN-  Nona! 

JEJUNUM-  Autolysis 

COIGN-  Autolysis  2 

BRAIN-  Congestion 

STCHACH-  Noraal  P  P 

CECUM-  Autolysis  2 


P 

3  2 . 

I---- 
P  -  P  -  -  -  P  P 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/tR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III.  SIUDY  79-S 
CONCENTRATION  --  C3 


Tabulated  Animal  Data 


PROJECT  id:  221-008  GROUP:  b 
PAGE  1  sex:  male 


FATES:  Spontaneous  Death 
DATS:  ALL 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L0S1 39 
PHASE  Ill.  STUDY  79-S 
CONCENTRATION  --  C3 


Tabulated  Animal  Data 


PROJECT  ID:  221-003  GROUP:  6  RATES:  Spontaneous  Death 

PAGE  2  SEX:  HALE  OATS:  ALL 

ANIMAL  ID.  no:  Ml  Sib  41?at>  454ab  455a  4S3abd  46?c 

OTHER  TISSUES  AND  LESIONS: 

LIVER-  Necrosis 
LIVER-  Congestion 
LIVER-  Ce.Irilob.  Vacuolation 
KIDNEY-  Congestion 
KIDNEY-  Autolysis 
SPLEEN-  Conwstion 
JEJUNUH-  Autolysis 
PITUITARY-  Congestion 
BRAIN-  Congestion 
STOMACH-  Noraal 
CECUM-  Noraal 
THYMUS-  Heaorrhage 
CECUM-  Autolysis 
URINARY  BLADDER-  Autalvsis 
STOMACH-  Autolysis 


. 

k= 

© 

•  J 

it-; 

1 

■- 

% 

£ 

- 

K 

i 

• 

INHALATION  EXPOSURE  STUDIES 

1 

WITH  RP/BR  C0HIU5TI0N  PRODUCTS 

y 

PROJECT  NUMBER  L06139 

& 

PHASE  III.  STUDY  79*S 

PPB 

CONCENTRATION  -  C3 

1 5 

1 

Tabulated  Animal  Data 


PROJECT  ID:  221-008  GROUP:  7 
PAGE  1  sex:  hale 


FATES:  Recovery  Sacrifice 
DATS:  ALL 


ANIMAL  ID.  NO: 

NASAL  TURBINATE  •  LEVEL  1 
IfiflSMitlOn 


NASAL  TURBINATE  -  LEVEL 
Inf  halation 


TRACHEA 

Lyaphocytic  Infiltrate 


PULMONARY  LYMPH  NODE 
Heaorrhage 

Lyaphocytic  Hyperplasia 
Macrophage  Hyperplasia 


LUNG 

Atelectasis 

Heaorrhage 

Interstitial  Inflaaaation 
Terainal  Bronchiolar  Fibro. 
Osteoid 


448abc  449abc  tSOabc  451  abc  452abc  4S3abc  456abc  «57abc  459at*c  4S0abc 


1  1  1 


1  1 


N  N  N  N 
l  -  -  -  *  1 


N  N  N  N  N  N 

1  1  3  *  -  -  *  -  1  - 


2 

l  1 


3  3  3  3  3  3  3  3  4  3 

P . 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/PR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-S 
CONCENIRAIIOM  -  C3 


Tabulated  Animal  Data 


PROJECT  id:  221-005  GROUP:  7  PATES:  Recovery  Sacrifice 

PAGE  2  SEX:  HALE  DAYS:  ALL 


ANIMAL  ID.  NO:  448abc  449abc  450afcc  451abc  452 abc  453abc  456abc  45?abc  45Sabc  AbOatc 

OTHER  TISSUES  AND  LESIONS: 

HAN  LN-  Lyipho.  Hyperplasia  ..3.. . 

URINARY  BLADDER*  Coocretion  *  *  -  -  -  p 


Tabulated  Animal  Data 


PROJECI  id:  221-008  GROUP:  7 
PAGE  1  SEX:  HALE 


FATES:  Recovery  Sacrifice 
DATS:  ALL 


INHALATION 
WITH  RP/BR  ( 
PROJECT 


PHASE  n: 


Correlation  of 

PROJECT  ID:  221-008  GROUP:  1 
PAGE  1  SEX:  MALE 


ANIMAL  ID.  NO:  358 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  359 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  360 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


and  Micro 


FATES:  Terminal  Sacrifice 
DAYS:  ALL 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  361 

ANIMAL  FATE:  Terminal  Sacrifice 


PATHOLOGIST:  KOI 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY: 


>NO  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


ANIMAL  ID.  NO:  362 

ANIMAL  FATE:  Terminal  Sacrifice 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY: 


>NO  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


Correlation  of 

PROJECT  ID:  221-008  GROUP:  1 
PAGE  3  SEX:  MALE 

ANIMAL  ID.  NO:  364 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 

ANIMAL  ID.  NO:  365 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

ANIMAL  ID.  NO:  366 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 


EXPOSURE  STUDIES 
COMBUSTION  PRODUCTS 
'  NUMBER  L06139 


III,  STUDY  79-S 
(JTRATION  --  CO 


Gross  SLndL  Micro 


FATES:  Terminal  Sacrifice 
DAYS:  ALL 

PATHOLOGIST:  W0I 

RELATED  HISTOPATHOLOGY : 

NOT  APPLICABLE 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  367  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  368 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  ID.  NO:  369  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTQI  ETHOLOGY: 


> URINARY  BLADDER:  Contains  Calculi 


NO  COROLLARY  CHANCE  DETECTED 
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ANIMAL  ID.  NO:  370  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

>LUNG:  Several  White  Depressed 
Areas  on  All  Lobes 
> STOMACH:  Void  of  Ingesta 


ANIMAL  ID.  NO:  371 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

>STOMACH:  Bloated  and  Gas  Filled 
>R.  TESTIS:  Small  1.0  X  0.8  cm  x 
0.4  cm 


RELATED  H1ST0PATH0L0GY : 

NO  COROLLARY  CHANGE  DETECTED 
NO  COROLLARY  CHANGE  DETECTED 


PATHOLOGIST:  WOI 

RELATED  HISTOPATH0L0CY « 

STOMACH-  Exfoliated  Celia 
TESTIS-  Tubular  Atrophy 


ANIMAL  ID.  NO:  372  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD : 
>NQ  OBSERVABLE  ABNORMALITIES . 


RELATED  MIST0PATH0L0GY : 
NOT  APPLICABLE 
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ANIMAL  ID.  NO:  65 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HXSTOPATHOLOCY: 
NOT  APPLICABLE 


1 

PROJECT  ID:  221-008 
PAGE  1 

GROUP:  2 

SEX:  MALE 

FATES :  Recovery 
DAYS:  ALL 
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ANIMAL  ID.  NO:  416 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  419 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>NQ  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY . 

NOT  APPLICABLE 
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ANIMAL  ID.  NO:  420 

ANIMAL  FATE:  Recovery  Sacrifice 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 
> TESTES  :  Left,  Aplasia. 


RELATED  HIST0PATH0L0GY: 
TESTIS-  Tubular  Atrophy 


ANIMAL  ID.  NO:  421 

ANIMAL  FATE:  Recovery  Sacrifice 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY : 
NOT  APPLICABLE 


ANIMAL  ID.  NO:  422 

ANIMAL  FATE:  Recovery  Sacrifice 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES . 


RELATED  HmWATMOLOOY » 
NOT  APPLICABLE 


u.7.Tf<ig»  ites  it  awrir.1”?  u-‘  t’~rf 
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ANIMAL  ID.  NO:  426  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

HUNGS:  Scattered  Gray  Raised  Areas.  LUNG-  Interstitial  Inflammation 


ANIMAL  ID.  NO:  427 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOCY: 

NOT  APPLICABLE 


ANIMAL  ID.  N0»  42B  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD : 
>NQ  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 
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ANIMAL  ID.  NO:  429  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  430 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  ID.  NO:  431  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

> TESTE  -  LEFT:  Small  1.8  x  1.3  x 
1.5  cm 

) CECUM:  Mucosa  Reddish 


RELATED  HISTOPATHOLOGY: 
TESTIS-  Tubular  Atrophy 
NO  COROLLARY  CHANGE  DETECTED 


INHALATION  EXPOSURE  STUDIES 
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Gross 


and 


i 

J 


Micro 


FATES:  Recovery  Sacrifice 
DAYS:  ALL 


ANIMAL  ID.  NO:  432  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY 
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ANIMAL  ID.  NO:  373 

ANIMAL  FATE:  Terminal  Sacrifice 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


ANIMAL  ID.  NO:  374 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO  I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  ID.  NO:  375 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

> URINARY  BLADDER:  Contains  Calculi 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NO  COROLLARY  CHANGE  DETECTED 
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ANIMAL  ID.  NO:  380  PATHOLOGIST:  WO l 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HIST0PATH0L0GY I 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  381  PATHOLOGIST:  WO  l 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> TESTE  -  RIGHT:  Small  1.2  x  1.0  x  TESTIS-  Tubular  Atrophy 

0 . 6  cm 


ANIMAL  ID.  NO:  382  PATHOLOGIST:  WO  I 

ANIMAL  FATE:  Terminal  Sacrifice 


RELATED  HISTOPATHOLOGY : 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  383  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  384  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  385  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


>NO  OBSERVABLE  ABNORMALITIES 


NOT  APPLICABLE 
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ANIMAL  ID.  NOs  386 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODES:  Dark  Red 


PATHOLOGIST:  W0I 

RELATED  HISTOPATHOLOGY : 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 


ANIMAL  ID.  NO:  387  PATHOLOGIST:  W0I 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD 


RELATED  HISTOPATHOLOGY 


Correlation  of 


PROJECT  ID:  221-008  GROUP:  4 
PAGE  1  SEX:  MALE 


ANIMAL  ID.  NO:  388 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  389 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  390 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD : 
>NO  OBSERVABLE  ABNORMALITIES. 


[  EXPOSURE  STUDIES 
COMBUSTION  PRODUCTS 
*  NUMBER  L06139 
II,  STUDY  79-S 


STRATI  ON  --  C2 


Gross  and  Micro 


FATES:  Terminal  Sacrifice 
DAYS:  ALL 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  391  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  392  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 

ANIMAL  ID.  NO:  393  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


■\.  - 
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ANIMAL  ID.  NO:  394  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


1 

-•*  r- 
wt' 
&> 

& 

HR 


8 


&s 

‘V 


S 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  395  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  396  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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ANIMAL  ID.  NO:  397 

ANIMAL  FATE:  Terminal  Sacrifice 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 
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ANIMAL  ID.  NO:  400  PATHOLOGIST:  WO I 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HIST0PATH0L0GY: 


>NO  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


ANIMAL  ID.  NO:  401  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROFSY  RECORDV  '  RELATED  HISTOPATHOLOGY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  402  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY : 
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ANIMAL  ID.  NO:  106 

ANIMAI.  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  433 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  434 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

) MANDIBULAR  LYMPH  NODE:  Enlarged, 
Dark  Red 


FATHOLOGIST:  W0I 

RELATED  HIST0PATH0L0GY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY : 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 
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RELATED  HISTOPATHOLOGY; 

MANDIBULAR  LYMPH  NODE-  Lymphocytic 
Hyperplasia 
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GROUP: 

5 

FATES : 
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SEX: 

MALE 

DAYS : 

ALL 

ANIMAL  ID.  NO:  435 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  436 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD; 
>NO  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  437 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 


RELATED  HISTOPATHOLOGY : 
NOT  APPLICABLE 


PATHOLOGIST:  WO I 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


PATHOLOGIST:  WO I 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 
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ANIMAL  ID.  NO:  438 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY : 

NOT  APPLICABLE 


ANIMAL  ID.  NO:  439 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 

> URINARY  BLADDER:  Calculi 


ANIMAL  ID.  NO:  440 

ANIMAL  FATE:  Recovery  Sacrifice 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 
URINARY  BLADDER-  Concretion 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 
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PROJECT  ID:  221-008 

GROUP: 

5 

FATES: 

Recovery  Sacrifice 

PAGE  4 

SEX: 

MALE 

DAYS: 

ALL 

ANIMAL  ID.  NO:  441 

ANIMAL  FATE:  Recovery  Sacrifice 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


ANIMAL  ID.  NO:  442 

ANIMAL  FATE:  Recovery  Sacrifice 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


ANIMAL  ID.  NO:  443 

ANIMAL  FATE:  Recovery  Sacrifice 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES, 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 
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ANIMAL  ID.  NO;  444  PATHOLOGIST:  WO I 

ANIMAL  FATE;  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  445 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

>CECUM:  Mucosa-  0.2  x  0.5  cm  Dark 
Red  Area 

> RECTUM:  Mucosa-  1.0  x  1.0  cm  Dark 
Red  Area 


PATHOLOGIST:  W0 I 

RELATED  HISTOPATHOLOGY: 
CECUM-  Hemorrhage 
NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  ID.  NO;  446  PATHOLOGIST:  WO I 

ANIMAL  FATE:  Recovery  Sacrifice 


RELATED  HISTOPATHOLOGY: 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  447  PATHOLOGIST:  WO I 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


>NO  OBSERVABLE  ABNORMALITIES 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  404abc  PATHOLOGIST:  WO I 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  405abc  PATHOLOGIST:  W0I 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> URINARY  BLADDER:  Contains  Calculi  URINARY  BLADDER-  Concretion 


ANIMAL  ID.  NO:  406  PATHOLOGIST:  W0I 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
> TEST  IS  II:  Very  Small 


RELATED  HISTOPATHOLOGY: 
TESTIS-  Tubular  Atrophy 


Correlation  of 

PROJECT  IDs  221-008  GROUP:  6 
PAGE  2  SEX:  MALE 

ANIMAL  ID.  NO:  408abc 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  409abc 

ANIMAL  FATE:  Terminal  Sacrif  ce 

REFERENCE  TO  NECROPSY  RECORD: 

> TESTE  -  LEFT:  Small  0.2  x  0.2  x 
0.2  cm 

ANIMAL  ID.  NO:  410abc 

ANIMAL  FATE:  Terminal  Sacrifice* 

REFERENCE  TO  NECROPSY  REtw.~. 

>NO  OBSERVABLE  ABNORMALITIES. 


EXPOSURE  STUDIES 
COMBUSTION  PRODUCTS 
'  NUMBER  L06139 


III,  STUDY  79-S 
NTRATION  —  C3 


Gross  a.ncL  Micro 


FATES:  Terminal  Sacrifice 
DAYS:  ALL 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

TESTIS-  Tubular  Atrophy? 
Mineralization 

PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  411abc 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  412abc 

ANIMAL  FATE:  Terminal  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  413abc 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

>LEFT  TESTIS  (II):  Small  0.5  cm  x 
0.3  cm 

> URINARY  BLADDER:  Contains  Calculi 


f  EXPOSURE  STUDIES 
COMBUSTION  PRODUCTS 
‘  NUMBER  L06139 
;il,  STUDY  79-S 


JTRATION  —  C3 


Gross  and  Micro 

FATES:  Terminal  Sacrifice 
DAYS:  ALL 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 

TESTIS-  Tubular  Atrophy; 
Mineralization 

NO  COROLLARY  CHANGE  DETECTED 
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FATES:  Terminal  Sacrifice 
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ANIMAL  ID.  NO:  414abc 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY! 
NOT  APPLICABLE 


ANIMAL  ID.  NO:  416abc 

ANIMAL  FATE:  Terminal  Sacrifice 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE  ‘ 


ANIMAL  ID.  NO:  468c 

ANIMAL  FATE:  Terminal  Sacrifice 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY: 


>HO  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  469c 

ANIMAL  FATE:  Terminal  Sacrifice 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  470c  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Terminal  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


> LUNGS:  Dark  Mottled  Red. 
>LIVER:  Dark  Red. 

> STOMACH:  Empty;  Gas  Filled. 
>MOUTH:  Crusty  Discharge  Around 


LUNG-  Congestion 
LIVER-  Congestion 
NO  COROLLARY  CHANGE  DETECTED 
No  Section 


ANIMAL  ID.  NO:  298ab 

ANIMAL  FATE:  Spontaneous  Death 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 

>LIVER:  Dark  Red 
> JEJUNUM:  Slightly  Bloated. 


RELATED  HISTOPATHOLOGY : 

LIVER-  Congestion 
JEJUNUM-  Autolysis 


ANIMAL  ID.  NO:  303ab 

ANIMAL  FATE:  Spontaneous  Death 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD: 

> LIVER:  Dark  Red. 

> LUNGS:  Dark  Red. 

> STOMACH:  Gas  Filled;  Empty. 

> JEJUNUM:  Empty;  Gas  Filled. 


RELATED  HISTOPATHOLOGY: 

LIVER-  Congestion 
LUNG-  Congestion 
NO  COROLLARY  CHANGE  DETECTED 
JEJUNUM-  Autolysis 
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ANIMAL  ID.  NO:  345abd  PATHOLOGIST:  WO  I 

ANIMAL  PATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD: 

> LUNGS :  Severe  Mottled  Red. 

> KIDNEYS:  Tan. 

>LIVER;  Dark  Red. 

> BRAIN:  Soft. 


RELATED  H I STO PATHOLOGY: 

LUNG-  Congestion 
KIDNEY-  Congestion 
LIVER-  Congestion 
NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  ID.  NO:  349abd  PATHOLOGIST:  W0I 

ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY r 

> THORACIC  CAVITY:  Moderate  Red  Fluid  No  Section 

> LUNGS:  Mottled  Red.  LUNG-  Congestion 

> SPLEEN:  Pale  Red.  NO  COROLLARY  CHANGE  DETECTED 

>LIVER:  Dark  Red.  Tan  Focus  0.2  x  LIVER-  Necrosis 

0.2  era  On  The  Dorsal  Surface  Of  The 

Median  Lobe. 
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ANIMAL  ID.  NO:  356b  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY: 


> THORACIC  CAVITY:  Filled  With  Dark 
Red  Fluid 
> LUNGS:  Dark  Red 
>LIVER:  Dark  Red- 


No  Section 

LUNG-  Congestion 
LIVER-  Congestion 


ANIMAL  ID.  NO:  403ab  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

LUNG-  Congestion 
LIVER-  Conaestion 
NO  COROLLARY  CHANGE  DETECTED 


> LUNGS:  Dark  Red. 
> LIVER:  Dark  Red. 
> STOMACH:  Flaccid 
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ANIMAL  ID.  NO:  407abd 
ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD: 

> THORACIC  CAVITY:  Severe  Red  Fluid. 
> LUNGS:  Dark  Red. 

> LIVER:  Dark  Red. 

> STOMACH:  Flaccid. 


ANIMAL  ID.  NO:  415ab 

ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD: 

> LUNGS:  Dark  Red 
> STOMACH:  Gas  Filled 
> CECUM:  Gas  Filled 
> LIVER:  Dark  Red 


FATES :  Spontaneous  Death 
DAYS:  ALL 


PATHOLOGIST:  W0I 


RELATED  HISTOPATHOLOGY: 

No  Section 
LUNG-  Congestion 
LIVER-  Conaestion 
NO  COROLLARY  CHANGE  DETECTED 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 

LUNG-  Congestion 
NO  COROLLARY  CHANGE  DETECTED 
NO  COROLLARY  CHANGE  DETECTED 
LIVER-  Congestion 
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PROJECT  ID:  221-008  GROUP:  6 

PAGE  6  SEX:  MALE 

FATES:  Spontaneous  Death 

DAYS:  ALL 

ANIMAL  ID.  NO:  417ab 

ANIMAL  FATE:  Spontaneous  Death 

PATHOLOGIST:  W0I 

© 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HIST0PATH0L0GY: 

c 

> LUNGS:  Dark  Red. 

> THYMUS :  Scattered  Dark  Red  Foci. 

> LIVER:  Dark  Red. 

> STOMACH:  Bloated.  Gas  Filled. 

LUNG-  Congestion 

THYMUS-  Hemorrhage 

NO  COROLLARY  CHANGE  DETECTED 

NO  COROLLARY  CHANGE  DETECTED 

© 

ANIMAL  ID.  NO:  454ab 

ANIMAL  FATE:  Spontaneous  Death 

PATHOLOGIST:  W0I 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  H I STO PATHOLOGY: 

•_ 

> LUNGS:  Dark  Red 
> STOMACH:  Gas  Filled 
> CECUM:  Gas  Filled 
> LIVER:  Dark  Red. 

LUNG-  Congestion 

NO  COROLLARY  CHANGE  DETECTED 
CECUM-  Autolysis 

LIVER-  Congestion 
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ANIMAL  ID.  NO:  4S5a 

ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD: 

> THORACIC  CAVITY:  Contained  Dark 
Red  Fluid. 

> LUNGS:  Scattered  Dark  Areas.  Some 
Pinpoint,  Throughout, 

>SPLEEN:  Dark  Red. 

> STOMACH:  Bloated  and  Gas  Filled. 
>LIVER:  Extremely  Dark  Red. 

> JEJUNUM:  Bloated.  Gas  Filled. 
>PITUITARY  GLAND:  Dark  Red. 


PATHOLOGIST:  WO I 


RELATED  HIST0PATH0L0GY : 

No  Section 

LUNG-  Hemorrhage 

SPLEEN-  Conaestion 
NO  COROLLARY  CHANGE  DETECTED 
LIVER-  Conaestion 
JEJUNUM-  Autolysis 
PITUITARY  GLAND-  Congestion 


ANIMAL  ID.  NO:  458abd 
ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD: 

> LUNGS:  Dark  Red. 

>LIVER:  Dark  Red. 

> UR INARY  BLADDER:  Filled  With  Dark 
Red  Fluid.  Aspirated  0.4  cc. 

> STOMACH:  Gas  Filled, 


PATHOLOGIST:  W01 


RELATED  HIST0PATH0L0GY; 

LUNG-  Congestion 

LIVER-  Conaestion 

NO  COROLLARY  CHANGE  DETECTED 


NO  COROLLARY  CHANGE  DETECTED 
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ANIMAL  ID.  NO}  467c 

ANIMAL  FATE:  Spontaneous  Death 


REFERENCE  TO  NECROPSY  RECORD: 

> LUNGS:  Mottled  Red. 

>LIVER:  Dark  Red,  Basically,  With 
Some  Scattered  Tan  Areas. 

> STOMACH:  Bloated.  Gas  Filled. 
>LEFT  KIDNEY:  Tan  Posterior,  Dark 
Red  Anterior. 

> BRAIN:  Softer. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

LUNG*  Congestion 

LIVER-  Necrosis;  Congestion 

STOMACH-  Autolysis 
KIDNEY-  Congestion 

NO  COROLLARY  CHANGE  DETECTED 
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ANIMAL  ID.  NO:  443abc 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  W0I 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


ANIMAL  ID.  NO:  449abc 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 
NOT  APPLICABLE 


ANIMAL  ID.  NO:  450abc 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Enlarged 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY : 

MANDIBULAR  LYMPH  NODE-  Lymphocyti 
Hyperplasia 
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ANIMAL  ID.  NO:  451abc  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  452abc 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  ID.  NO:  453abc  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 

,  » 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


IO*,' 


> URINARY  BLADDER:  Contained  Calculi 


URINARY  BLADDER-  Concretion 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-S 
CONCENTRATION  —  C3 


Correlation  of  Gross  and.  Micro 


PROJECT  ID:  221-008  GROUP:  7  FAliJS:  Recovery  Sacrifice 

PAGE  3  SEX:  MALE  DAYS  :  ALL 


ANIMAL  ID.  NO:  456abc 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
)N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  ID.  NO:  457abc 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  ID.  NO:  459abc  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


>N0  OBSERVABLE  ABNORMALITIES 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  460abc  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  461abc  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVAELE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  ID.  NO:  462abc  PATHOLOGIST:  WOI 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


>N0  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 
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ANIMAL  ID.  NO:  463bc 

ANIMAL  FATE:  Recovery  Sacrifice 

REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


ANIMAL  ID.  NO:  471c 

ANIMAL  FATE:  Recovery  Sacrifice 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 


RELATED  HISTOPATHOLOGY : 


NOT  APPLICABLE 


PATHOLOGIST:  WO I 


RELATED  HISTOPATHOLOGY; 
NOT  APPLICABLE 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  III  STUDY  79-S 

INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR 

COBUSTION  PRODUCTS  IN  RATS 
PATHOLOGY  REPORT  AMENDMENT  #1 
PATHOLOGY  SUMMARY 

Microscopic  examinations  were  performed  on  selected  tissues  from  male 
Sprague-Dawley  rats.  The  purpose  of  these  examinations  was  to  determine  if 
there  were  any  treatment-related  effects  in  tissues  outside  of  the 
respiratory  tract  from  the  exposure  of  rats  to  RP/BR  combustion  products. 
Microscopic  examinations  were  also  performed  on  specially  stained  sections 
of  lung  from  selected  rats  in  this  study.  The  purpose  of  these 
examinations  was  to  confirm  and  grade  the  amount  of  collagen  in  the 
terminal  bronchioles  and  associated  alveoli.  Tissues  from  selected  rats 
which  had  received  0.0  mg/L,  0.75  mg/l,  1.0  mg/L,  or  1.2  or  1.3  mg/L  for 
2.25  hours  per  day  for  four  consecutive  days  for  four  weeks,  and  the 
respective  recovery  groups  from  these  exposures,  were  examined. 

Paraffin  blocks  containing  the  following  tissues  were  prepared  at  the 
Illinois  Institute  of  Technology  Research  Institute:  heart,  eyes,  kidneys, 
adrenals,  liver,  esophagus,  stomach,  duodenum,  urinary  bladder,  and  lung. 
Paraffin  blocks  were  shipped  to  Experimental  Pathology  Laboratories,  Inc. 
where  hematoxylin  and  eosln  stained  slides  were  prepared  and  examined.  The 
paraffin  blocks  containing  the  right  lung  lobes  from  selected  animals  were 
sectioned  and  stained  with  Masson's  trichrome  stain  to  demonstrate 
collagen.  Several  animals  did  not  have  liver,  stomach  or  urinary  bladder 
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present  because  they  had  been  processed  and  examined  as  a  part  of  the 
original  pathology  report  for  this  study. 

RESULTS 

The  microscopic  changes  found  and  a  detailed  listing  of  all  tissues 
evaluated  are  presented  in  the  Tabulated  Animal  Data  Tables.  The  amount  of 
stainable  collagen  present  In  the  alveolar  walls  of  the  lung  was  graded 
subjectively  and  is  recorded  In  the  Hlstopathology  Incidence  Tables.  All 
lesions  are  summarized  by  treatment  group  and  presented  in  the  Project 
Summary  Tables. 

No  changes  were  seen  in  the  tissues  examined  outside  of  the 
respiratory  tract  which  appeared  to  be  related  to  the  test  material.  Most 
lesions  seen  were  present  In  the  kidneys  of  both  treated  and  control 
animals  and  consisted  of  early  changes  associated  with  chronic  progressive 
nephropathy,  a  common  degenerative  renal  disease  of  laboratory  rats.  The 
concretions  seen  in  the  urinary  bladder  of  both  treated  and  control  animals 
were  probably  coagulated  protein  secreted  by  the  male  accessory  sex  glands 
at  the  time  of  euthanasia.  A  number  of  rats  in  the  group  which  received 
1.3  mg/L  or  more  died  spontaneously  and  exhibited  congestion  In  the  heart, 
kidney,  and  adrenal. 

The  amount  of  collagen  normally  present  in  the  alveolar  septa  was 
recorded  as  "1",  minimal.  Some  of  the  animals  that  had  minimal  to  mild 
amounts  of  thickening  of  the  terminal  bronchiole  and  its  associated  alveoli 
did  have  a  mild  amount  of  collagen,  i.e.,  grade  2,  compared  to  the 
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controls.  Mild  to  moderate  amounts  of  collagen  were  present  In  most  of  the 
animals  that  were  previously  graded  as  grade  3  terminal  bronchlolar 
fibrosis,  that  Is,  those  animals  that  received  1.3  or  1.2  mg/L  and  survived 
until  the  terminal  sacrifice. 


CONCLUSIONS 

The  results  of  these  microscopic  examinations  Indicate  that  the 
administration  of  combustion  products  of  RP/BR  to  rats  under  the  conditions 
of  this  experiment  did  not  produce  treatment- related  lesions  In  the  heart, 
eyes,  kidneys,  adrenals,  liver,  esophagus,  stomach,  duodenum  or  urinary 
bladder.  Examination  of  lung  from  selected  animals  Indicated  that 
fibrosis,  as  evidenced  by  a  Masson's  trichrome  stain.  Is  a  component  of  the 
lesion  "terminal  bronchlolar  fibrosis"  previously  Identified  In  the  study. 
As  the  thickening  which  comprised  this  lesion  became  more  severe.  Increased 
amounts  of  collagen  were  present  in  these  areas. 


Veterinary  Pathologist 
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PATHOLOGY  SYNOPSIS 

No  compound- re la ted  gross  pathologic  lesions  were  observed  in  Sprague- 
Dawley  rats  from  the  experimental  groups  sacrificed  after  treatment  which 
they  received,  and  the  recovery  groups  sacrificed  14  days  following  their 
last  exposure. 

Microscopic  examination  of  the  tissue  did  not  reveal  any  treatment- 
related  changes  in  the  trachea,  pulmonary  lymph  nodes,  nasal  turbinates, 
adrenals,  urinary  bladder,  duodenum,  esophagus,  stomach,  eyes,  heart, 
kidneys,  and  liver.  Inhalation  of  RP/BR  by  female  rats  for  2.25  hours 
per  day  for  four  consecutive  days  for  four  weeks  at  0.75  or  1.0  mg/1 
induced  minimal  to  mild  terminal  bronchiolar  fibrosis.  The  severity  of 
the  lesions  was  slightly  increased  in  rats  that  received  1.0  mg/1  of 
RP/BR.  The  treatment-related  increase  of  peribronchiolar  eosinophilic 
infiltrate  in  treated  rats  did  regress  in  the  recovery  groups  of  rats. 
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Vladislava  S.  Rac,  M.S.,  D.V.M. 
Scientific  Advisor 
Veterinary  Pathologist 
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GROSS  NECROPSY  OBSERVATIONS 
Phase  III  Study  Number  79SF 


In  accordance  with  experimental  protocol,  gross  examinations  of  organs 
and  tissues  were  performed  on  105  female  Sprague-Dawley  rats  in  the  toxi¬ 
cology  group  of  Project  L06139,  Study  Number  79,  Supplemental  (79-SF).  The 
racs  were  divided  into  seven  groups  each  containing  15  female  rats.  The 
rats  were  exposed  to  varing  concentrations  of  RP/BR  aerosol  for  2.25  hrs/day 
for  four  consecutive  days  over  a  four  week  period.  Four  of  the  seven  groups 
of  rats  were  sacrificed  on  the  day  of  their  last  exposure,  while  the  rats  in 
the  remaining  three  groups  (the  recovery  groups)  were  sacrificed  14  days 
following  their  last  exposure.  The  groups,  treatment,  number  of  rats  per 
group,  and  corresponding  exposure  concentration  levels  are  outlined  below. 


Treatment 

Group 

Treatment 

Number  of 

Rats 

Exposure 
Concentration 
Levels  (mq/1) 

TJX-Co 

Filter  Air 

15 

0.0 

TOX-Cx 

RP/BR  Aerosol 

15 

0.40 

TOX-C* 

RP/BR  Aerosol 

15 

0.75 

TOX-C3 

RP/BR  Aerosol 

15 

1.00 

R-TOX-Co 

Filter  Air 

15 

0.0 

R-T0X-C2 

RP/BR  Aerosol 

15 

0.75 

R-TOX-C3 

RP/BR  Aerosol 

15 

1.00 

MATERIALS  AND  METHODS 

The  rats  were  anesthetized  with  Nembutal  exsanguinate  by  way  of  the 
abdominal  aorta  and  necropsied.  The  organs  were  examined  and  fixed  in 
10%  neutral  buffered  formalin  for  a  period  of  no  less  than  48  hrs  before 
further  processing.  The  lungs  were  fixed  by  intratracheal  perfusion  of 
formalin. 

The  following  tissues  were  collected  at  necropsy.  Tissues  marked  with 
an  asterisk  (*)  in  the  list  below  were  processed  by  Histology,  and  the 
resulting  blocks  were  sent  to  EPL  for  further  processing  and  microscopic 
examination. 

Skin/Mammary  Gland 

Tongue  Ovaries  Mandibular  Lymph  Nodes 

Larynx  Uterus  *Eyes 

Parathyroid  *Urinary  Bladder  Brain 

^Trachea  *Stomach  Cervical  Cord 

^Esophagus  *Duodenum  Pituitary 

Jejunum  Ears  (tag) 

Thymus  Ileum  *Nasal  Turbinates 

*Lungs 


♦Respiratory  Lymph  Nodes  Cecum  Sternum 

♦Liver  Colon  Femur/Bone  Marrow 

♦Kidneys  Mesenteric  Lymph 

Nodes 

♦Adrenal  Glands  Skeletal  Muscles 

Spleen  Sciatic  Nerve 

Pancreas  Mandibular  Salivary 

Glands 

A  summary  of  the  gross  observations  is  presented  for  the  rats  killed  immediately 
after  the  last  exposure  and  those  killed  after  the  recovery  period,  respectively , 
in  the  following  two  Necropsy  Observations  Tables. 

PATHOLOGY  RESULTS 

Gross  Observations:  Treatment-related  lesions  were  not  observed  either 
in  the  exposure  group  sacrificed  on  the  day  of  last  exposure  or  in  the 
recovery  group.  The  gross  lesions  observed  were  mild  and  seen  with  the  same 
frequency  in  both  the  control  and  exposure  groups.  These  lesions  included: 
dark  red  foci  and  grey  areas  in  the  1‘ings;  dark  red  and  enlarged  mandibular 
lymph  nodes;  mottled  red  thymuses  and  distended  uteri. 


Sternum 

Femur/Bone  Marrow 


♦Kidneys 

♦Adrenal  Glands 

Spleen 

Pancreas 


SUMMARY  AND  CONCLUSIONS 

Treatment-related  lesions  were  r.ot  observed  in  either  the  exposure 
groups  sacrificed  the  day  of  the  last  exposure  or  those  sacrificed  14  days 
later.  The  gross  lesions  that  were  observed  were  mild  and  occurred  with 
similar  frequency  in  both  the  control  and  treated  groups. 


Necropsy  Observations  Tables 
Rats  Killed  After  the  Last  Exposure 


Necropsy  Observations 


trt 


EXPERIMENTAL  PATHOLOGY  LABORATORIES,  INC. 


IITRI  PROJECT  NUMBER  L06139 
PHASE  Ml  STUDY  79-SF 
INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR 

COMBUSTION  PRODUCTS  IN  RATS 
EPL  PATHOLOGY  REPORT 


Submitted  To: 

1 1 T  Research  Institute 
Chicago,  IL  60616 

June  26,  1984 


440 


EXPERIMENTAL  PATHOLOGY  LABORATORIES,  INC. 


EPL 


QUALITY  ASSURANCE 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  III  STUDY  79-SF 
INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR 

COMBUSTION  PRODUCTS  IN  RATS 
PATH0L06Y  SUMMARY 

Microscopic  examinations  were  performed  on  selected  tissues 
from  female  Sprague-Dawley  rats.  The  purpose  of  this  study  was 
to  evaluate  the  effects  of  exposure  concentration  and  recovery 
time  of  the  repeated  exposure  of  rats  to  combustion  products  of 
Red  Phosphorus/Butyl  Rubber  (RP/BR)  on  various  biologic 
endpoints.  This  report  contains  the  histopathologic  findings. 
The  experimental  design  for  this  study  was  as  follows: 


Treatment 

Group 

Code 

Concentrati on 
mg/L 

Recovery 

Number  of 
Rats 

22 

CO 

0 

No 

15 

23 

Cl 

0.40 

No 

15 

24 

C  2 

0.75 

No 

15 

25 

C3 

1.0 

No 

15 

26 

CO 

0 

Yes 

15 

27 

C2 

0.75 

Yes 

15* 

28 

C  3 

1.0 

Yes 

15 

*  One  of  the 

Treatment 

Group  27  animals 

died  spontaneously 

before  the 

compl eti on 

of  all  exposures. 

All  animals  were  exposed  for  2.25  hours 

per  day 

for  four 

consecutive  days  for  four 

weeks.  Recovery 

animals 

were  then 

untreated  for  an  additional  fourteen  days. 
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All  rats  were  necropsied  and  gross  and  histologic 
evaluations  of  the  respiratory  tract  were  conducted.  According 
to  protocol,  the  following  tissues  from  all  animals  were  trimmed 
and  processed  to  paraffin  blocks:  trachea,  pulmonary  lymph  nodes, 
each  lung  lobe,  nasal  turbinates  and  gross  lesions.  The 
following  additional  tissues  were  also  processed  to  blocks  from 
all  animals  in  Groups  22,  25,  26  and  28:  adrenals,  urinary 
bladder,  duodenum,  esophagus,  eyes,  heart,  kidneys,  liver,  and 
stomach.  The  paraffin  clocks  were  then  shipped  to  Experimental 
Pathology  Laboratories,  Inc.  where  hematoxylin  and  eosin  stained 
slides  were  prepared  and  examined. 


RESULTS 

/•v , 

The  microscopic  changes  and  a  detailed  listing  of  all 
tissues  evaluated  are  presented  In  the  Tabulated  Animal  Data 
Tables.  All  lesions  are  summarized  by  treatment  group  and 
presented  in  the  Project  Summary  Tables.  A  correlation  of 
lesions  observed  at  necropsy  with  the  corresponding  microscopic 
observation,  where  possible,  is  presented  in  the  Correlation  of 
Gross  and  Micro  Tables.  The  gross  observations  in  these  tables 
were  transcribed  from  the  necropsy  sheets  provided  with  the 
paraffin  blocks. 

The  primary  treatment-related  change  seen  histologically  in 
the  study  was  in  the  lung  and  was  diagnosed  as  "terminal 
bronchiolar  fibrosis".  The  lesion  consisted  of  a  minimal 
thi ckeni ng  of  the  alveolar  walls  where  the  terminal  bronchiole, 
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lined  by  c  u  b  o  1  d  a  1  epithelium*  joined  the  alveolar  sacs.  The 
thickening  consisted  of  a  heterogeneous  eosinophilic  material 
compatible  with  collagen,  containing  small  numbers  of  cells.  All 
animals  which  were  sacrificed  in  the  treated  groups  24,  25,  27 
and  28,  both  terminal  and  recovery  sacrifices,  had  terminal 
bronchiolar  fibrosis.  The  lesion  was  generally  minimal  to  mild 
in  Group  25  and  28  animals  which  received  1.0  mg/L.  Animals  in 
Groups  24  and  27  had  minimal  terminal  bronchiolar  fibrosis  which 
was  only  focal  or  multifocal  in  some  animals.  More  of  the 
treated  animals  had  a  peribronchiolar  infiltrate  of  eosinophils 
than  did  the  controls.  This  was  especially  true  of  the  Group  23 
and  24  animals  which  received  .40  or  .75  mg/L  respectively.  The 
treated  recovery  group  tended  to  have  less  animals  affected  than 
did  the  regular  sacrificed  animals. 

No  changes  were  seen  in  the  additional  tissues  examined  from 
the  con-rol  and  high  dose  animals  that  appeared  to  be  treatment 
rel ated . 

All  other  changes  seen  in  this  study  occurred  in  both 


m 


control  and  treated  animals  or  were  present  in  such  low  incidence 
as  to  not  be  considered  treatment  related. 
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CONCLUSIONS 

The  results  of  these  microscopic  examinations  indicate  that 
the  administration  of  RP/BR  to  female  rats  for  2.25  hours  per  day 
for  four  consecutive  days  for  four  weeks  at  0,75  or  1.0  mg/l 
produced  minimal  to  mild  terminal  bronchiolar  fibrosis.  The 
lesion  was  slightly  more  severe  in  animals  that  received  1.0 
mg/L.  There  appeared  to  be  a  treatment- rel ated  Increase  in 
peribronchiolar  eosinophilic  infiltrate  in  treated  animals  that 
seemed  to  regress  during  the  recovery  period.  No  treatment- 
related  changes  were  found  in  the  tissues  examined  outside  of  the 
respiratory  tract. 
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TABLE  OF  ABBREVIATIONS 
FOR  PROJECT  SUNNARY  TABLE 


(COR) 
(C2R) 
(C3R) 
No  Ex 

Lympho.  Hyperplasia 
MAN  LN 

MAN  SALIVARY  GLAND 
Bronchiolar  Fibro. 


CO  Recovery  Group 
C2  Recovery  Group 
C3  Recovery  Group 
Number  Examined 
Lymphocytic  Hyperplasia 
Mandibular  Lymph  Node 
Mandibular  Salivary  Gland 
Terminal  Bronchiolar  Fibrosis 
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Project  Summar y  Table 

SUMMARY:  Incidence  of  NON-NEQPLASTIC  Microscopic  Findings 

PROJECT  ID.  NO:  221-009 

FATES:  ALL 

DAYS:  ALL  SEX:  FEMALE 

group: 

22  (CO)  26  (COR)  23  (Cl) 

24  (C2) 

27  (C2R) 

25  <C3) 

28  (C3R) 

NUMBER  OF  ANIMALS: 

IS  15  IS 

15 

15 

IS 

IS 

t 

2 

* 

Z 

♦ 

z 

t 

f 

.4* 

♦  2 

t 

X 

♦ 

x 

NASAL  TURBINATE  -  LEVEL  1 

No  Ex  IS 

15 

15 

15 

15 

14 

15 

Mineralisation 

0 

(0) 

1 

(7) 

1 

(13) 

0 

(0) 

0 

0 

(0) 

0 

(0) 

Exudate 

0 

(0) 

0 

(0/ 

0 

(0) 

0 

(0> 

0  >  0 ! 

1 

(7) 

0 

\0 / 

NASAL  TURBINATE  -  LEVEL  2 

No  E;< 

IS 

15 

15 

15 

15 

14 

15 

Heiorrhage 

1  (7) 

0  (0) 

0  (0) 

0  (3) 

0  (0) 

2  (14) 

i  »:;> 

TRACHEA 

No  Ex 

15 

15 

15 

15 

15 

15 

15 

PULMONARY  LYMr  '/BE 

No  Ex  15 

15 

15 

15 

15 

15 

15 

Hemorrhage 

3 

(20) 

10 

(67) 

9 

(60/ 

9  (60) 

VI 

'67/ 

9 

(60) 

10 

'.6?) 

Lyiphocytic  Hyper plasia 

12 

(80) 

11 

(73) 

6 

(40) 

7  <47/ 

J 

;  r  V, 

»  jj' 

13 

(37) 

7 

(47  > 

Macrophage  Hyperplasia 

8 

(53) 

n 

(47) 

6 

(40) 

3  CO) 

5 

C3; 

0 

(53> 

3 

(20) 

Pigient 

4 

(27) 

5 

(33) 

3 

(20) 

1  (7) 

7 

(47/ 

5 

(33) 

b 

(40) 

Edna 

0 

i0> 

1 

(7) 

0 

M 

(13) 

3  (20) 

5 

(33; 

1 

(7) 

5 

(33) 

LUNG  No  Ex 

15 

15 

15 

15 

i  r 
l-J 

15 

Atelectasis 

5 

(33) 

4 

(27) 

3 

(20) 

5 

(33) 

j 

CO) 

6 

(40) 

4 

(27) 

Heiorrhage 

2 

(13) 

2 

(13) 

0 

(0) 

1 

(7) 

h 

(13) 

0 

(0) 

•t 

(13) 

Focal  Lyapnocyte  Aggregate 

0 

(0) 

2 

(13) 

0 

(0) 

1 

(7) 

■) 

•:0) 

0 

(0) 

i 

(7) 

Alveolar  Macrophages 

7 

(47) 

6 

(40) 

4 

(27) 

2 

(13) 

1 

•  ?/ 

2 

(13) 

2 

(13) 

Interstitial  Influiation 

6 

i,40) 

8 

(53) 

4 

(27) 

3 

(20) 

5 

(33) 

5 

(33) 

2 

(13) 

Terminal  Bronchiolar  Fibro. 

0 

(0) 

0 

(0) 

0 

(0) 

15  (100) 

15  (100) 

15  (100) 

15  (100) 

Eosinophilic  Infiltrate 

2 

(13) 

4 

(27) 

10 

(67) 

12 

(80) 

5 

(33/ 

7 

(47) 

2 

(13) 

Congestion 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

(7) 

0 

<0/ 

0 

(0) 

HEART 

No  Ex  15 

i5 

0 

0 

0 

15 

15 

Mineralisation 

1 

(7/ 

0 

(0) 

0 

0 

0 

0 

(0) 

0 

(0) 

inf la** at ion 

1 

w) 

0 

(0) 

0 

0 

0 

0 

(0) 

0 

(0) 

Fibrous* 

0 

(0/ 

1 

(7) 

0 

n. 

V 

0 

0 

(0) 

0 

(0) 

EYE 

No  E,  15  15 

0 

0 

0 

15  15 

Corneal  Hyperplasia 

0  (0)  1  (7) 

0 

0 

0 

0  (0/  0  (0/ 

if 

,‘ji 

«?  *r:« 
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w' 

¥ 
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y 

• 

Project. 

Summary  Table 

i 

s 

summary: 

Incidence  of  NON-NEOPLASTIC  Microscopic  Findings 

l 

f'ROJCCI  ID.  HO:  221-009 

FATES:  ALL 

i 

-• 

days: 

ALL 

SEX:  FEMALE 

i 

GROUP: 

22  (CO) 

26  (COR) 

22  (Cl) 

24  (C2) 

27  itcio 

/'c. 

AJ 

(C3'» 

28  (C3R)  P 

NUM8E?  OF  ANIMALS: 

IS 

IS 

IS 

15 

IS 

15 

15  f 

i; 

« 

4 

4 

* 

1 

Z 

4  Z 

4  Z 

4  Z 

4 

•r 

4 

4 

{ 

i 

| 

KIDNEY 

Mo  Ex  IS 

IS 

0 

0 

0 

15 

15 

i 

* 

Congestion 

1 

(7) 

0 

(0) 

0 

0 

0 

0 

i0) 

0 

(0)  ‘ 

Hyaline  Casts 

7 

(47) 

5 

(33) 

0 

0 

0 

3 

(20) 

8 

(53)  1 

| 

Tubular  Hyperplasia 

2 

(13) 

1 

(7) 

0 

0 

0 

0 

(0) 

4 

(27)  \ 

c 

lntra tubular  Mineralisation 

3 

(20) 

5 

(33) 

0 

0 

A 

1 

(7) 

•> 

M 

(13)  j 

(0) 

Lyaphccytic  Infiltrate 

2 

(13) 

a* 

(13) 

0 

0 

0 

1 

\7) 

0 

I 

Cyst 

0 

(0) 

0 

(0) 

0 

0 

0 

1 

(7) 

0 

(Or  ; 

| 

tubular  Vacuolation 

0 

(0) 

1 

(7) 

0 

0 

0 

0 

i0> 

0 

(0) 

i 

« 

ADRENAL 

No  Ex  IS 

15 

0 

0 

0 

15 

15 

» 

j 

Accessory  Cortical  Tissue 

1 

(7) 

3 

(20) 

0 

0 

0 

1 

(7) 

1 

<7) 

Congestion 

0 

(0) 

0 

it 

(13) 

0 

0 

0 

0 

(0) 

0 

(0)  ; 

f 

LIvER 

No  Ex  IS 

15 

0 

0 

0 

15 

15 

i 

) 

Q 

Peritonitis 

1 

(7) 

0 

(0) 

0 

0 

0 

0 

i0) 

1 

w>  j 

\ 

i 

ESOPHAGUS 

Ho  Ex  15 

15 

0 

0 

0 

15 

15 

1 

1 

|  c 

STtflrtCH 

No  Ex  15 

15 

0 

0 

0 

15 

15 

1 

! 

I 

j 

\ 

Exfoliate*]  Cells 

0 

(0) 

1 

(7) 

0 

0 

0 

1 

*7) 

0 

<0> 

i 

S 

! 

DUODENUM 

No  Ex  13 

14 

V 

0 

0 

14 

15 

1 

URINARY  GLADDER 

No  Ex  IS 

IS 

0 

0 

0 

15 

15 

a 
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Project,  Summary  Table 

SUMMARY:  Incidence  of  NQN-HEOPLAStiC  Microscopic  Findings 

PROJECT  ID.  MO:  221-009 

FATES:  ALL 

DAYS:  ALL  sex:  FEMALE 

group: 

22  (CO)  26  (COR)  23  (Cl) 

24  (C2> 

27  (C2R) 

25  <C3> 

28  (C3K) 

NUMBER  OE  ANIMALS: 

IS  IS  15 

15 

15 

15 

15 

1 

1 

1 

1 

» 

z 

I 

z 

4 

V 

\ 

4 

l 

t 

V 

tm 

OTHER  TISSUES  AND  LESIONS: 

MAN  LN-  Macrophage  Hyperplasia 

0 

<0> 

3 

(53) 

0 

(0) 

a 

(13) 

7 

(47) 

0 

(0) 

6 

140> 

MAN  LN'  Lyapho.  Hyperplasia 

1 

(7) 

9 

(60) 

5 

(33) 

3 

(20) 

9 

(60) 

3 

(20) 

■} 

t 

(47,> 

MAN  LN-  Hetorrhage 

1 

(7) 

9 

(60) 

5 

(33) 

3 

(20) 

g 

(60) 

3 

(20) 

7 

(47) 

MAN  SALIVARY  GLAND-  Nor ail 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

(7) 

0 

1 0 ) 

THYMUS-  Noraal 

0 

(0) 

1 

(7) 

0 

(0) 

0 

•:o) 

0 

(0) 

0 

(0) 

0 

(0) 

THYMUS-  Hetorrhage 

0 

(0) 

4 

(27) 

2 

(13) 

0 

(0) 

5 

(33) 

1 

(7) 

4 

t27) 

UTERUS-  Hydroaetra 

1 

(7) 

4 

(27) 

at 

\13) 

1 

(7) 

i '* 

(13) 

1 

>7) 

0 

(0) 

UTERUS-  Congest iori 

0 

(0) 

0 

(0? 

1 

<7> 

0 

■V) 

0 

(01 

0 

(0) 

0 

(0 1 

UTERUS-  Noraal 

0 

(0) 

1 

(7) 

0 

lO) 

0 

(0) 

1 

(7) 

c 

(0) 

.  0 

(0) 

MAN  LN-  Idea* 

0 

(0) 

l 

(7) 

0 

!0> 

0 

(0) 

0 

(Oj 

0 

(0) 

j 

(Cm 

SPLEEN-  Congestion 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

,71 

0 

(0) 

.0 

(0) 

LIVER-  Congestion 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

0) 

0 

tC) 

0 

10.' 

b 


k50 


9  £ 


*1 


TABLE  OF  ABBREVIATIONS 
FOR  TABULATED  ANIMAL  DATA  TABLES 


N 

P 

U 

* 

1 

2 

3 

4 

Lympho.  Hyperplasia 
HAN  LN 

MAN  SALIVARY  GLAND 
Terminal  Bronchiolar  Fibro. 


Normal 

Present 

Unsuitable 

Tissue  Not  Available 

Minimal 

Mild 

Moderate 

Marked 

Lymphocytic  Hyperplasia 
Mandibular  Lymph  Node 
Mandibular  Salivary  Gland 
Terminal  Bronchiolar  Fibrosis 


451 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  LG6139 
PHASE  III,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  ID:  221-009  GROUP:  22  <C0> 

PAoE  1  PATES:  TERMINAL  SACRIFICE 


sex:  female 


DAYS:  ALL 


ANIMAL  ID.  NO: 


35S  354  357  358  359  340  341  342  343  344 


NASAL  TURBINATE  -  LEVEL  1 


N  N  N  N 


N  N  N  N  N 


NASAL  TURBINATE  -  LEVEL  2 
rteeorrhwe 


TRACHEA 


PL'LnONARY  LYMPH  NODE 
Heaorrh)3e 

Lyephocytic  Hyperplasia 
Hacropnage  Hyperplasia 
Pigment 


LUNG 

Atelectasis 
Heiorrnaje 
Alveolar  Macrophages 
Interstitial  Intimation 
Eosinoohilic  Infiltrate 


1  1 


HEART 

Mineralization 


NHNNNNNNHN 


452 


INHALATION  EXPOSURE  STUDIES 
WIIH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  ID:  221-009 
BASE  2 


GROUP:  22  (CO) 

FATES:  TERMINAL  SACRIFICE 


AMHAL  ID.  NO! 


SEX:  FEMALE 


DAYS:  ALL 


355  35b  357  358  359  360  361  362  363  364 


KIDNEY 
congestion 
Hyaline  Casts 
Tubular  Hyperplasia 
Intratubuiar  inner alizstion 
L>'*piioc>tic  infiltrate 


i  1  1 

1 

1 


i  1 


ADRENAL 

Accessory  Cortical  Tissue 


N  N  N  N  N  N  M  M  N 

. P 


LIVER 

Peritonitis 


NNNNN  N  N  N  N 

. 1 


ESOPHAGUS 


STOMACH 


DUODENUM 


NNNNNANAN  N 


URINARY  BLADDER 


NNNNNNNNNN 


**53 


INHALATION  EXPOSURE  SIUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


PROJECT  ID:  221-009  GROUP:  22  (CO)  SEX:  FEMALE 

PAGE  4  FATES:  TERMINAL  SACRIFICE 


ANIMAL  ID.  NO: 
NASAL  TURBINATE  -  LEVEL  1 


NASAL  TURBINATE  -  LEVEL  2 


TRACHEA 


PULMONARY  HHI'H  NUDE 
Heiorrhage 

Lyiphocyuc  Hyperplasia 
Macrophage  Hyperplasia 
Pigierit 


LUNG 

Atelectasis 
Alveolar  Macrophages 
Interstitial  Intimation 


HEART 

Infhaaation 


EYE 


KIDNEY 

Hyaline  Casts 

Intratubuhr  Mineralization 


365  366  367  368  369 

N  N  N  N  N 


N  N  N  N  N 


N  N  N  H  N 


3  -  i  -  - 

12-12 

i 

*  « 

2  -  -  1  - 

N  N 

1  1 

2  -  -  1 

2 


N  N  N  N 

l 


N  M  M  N  N 


N  N 

1  -  1 

l 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECI  NUMBER  LOCI 39 
PHASE  Ill,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  ID:  221-099  GROUP 
PAGE  5  FAIES 

AN  INAL  ID.  NO: 

ADRENAL 

LIVES 

ESOPHAGUS 

STOMACH 

DUODENUM 


22  (CO) 

TERMINAL  SACRIFICE 

305  300  307 

N  N  N 

N  N  N 

N  N  N 

N  N  N 

N  N  N 

N  N 


sex:  female 

308  309 

N  N 

N  N 

N  N 

N  N 

N  N 


DAYS:  ALL 


URINARY  BLADDER 


N 


N 


N 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COHMISIION  PRODUCTS 
PROJECT  NUHBEk  LG6139 
PHASE  III,  STUDY  79-SE 


Tabulated  Animal  Data 


PROJECT  ID:  221-009  GROUP:  20  (CO) 

PAGE  1  FATES:  RECOVERY  SACRIFICE 


sex:  female 


DAYS:  ALL 


ANIMAL  ID.  NO: 


US  416  417  418  419  420  421  422  423  424 


NASAL  TURBINATE  -  LEVEL  1 


NNNNNNNNNN 


NASAL  TURBINATE  -  LEVEL  2 


HNNNNNNNNN 


TRACHEA 


NNNNNNNNNN 


PULrtGNAkf  LTHPH  NODE 
Henorrnage 

Lyaphocytic  Hyperplasia 
Hacropftage  Hyperplasia 
Pigaent 
E*Jeaa 


i  1 


LUNG 

Atelectasis 

Heiorrhage 

Focal  Lymphocyte  Aggregate 
Alveolar  Nacropnages 
Interstitial  Inflaaaation 
cosinoomlic  Infiltrate 


N  N 


Corneal  Hyperplasia 


N  N  N  N  N  N  N  N  N 

. 2 


.v.v:\vv,.v 


\’CvCw-,ry ' 


INHALAIION  EXPOSURE  STUDIES 
WITH  RP/DR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  LOW  39 
PHASE  III,  STUDY  79-Sfc 


Tabulated  Animal  Data 


PROJECT  ID:  221-009  GROUP:  26  (CO)  SEX:  FEMALE  DAYS:  AIL 

PAGE  2  FATES:  RECOVERY  SACRIFICE 


ANIMAL  ID.  NO: 


415  416  417  418  419  420  421  422  423  424 


KIDNEY 

Hyaline  Casts 
Tubular  Hyperplasia 
Intritubular  Mineralisation 
Lyapnocytic  Infiltrate 
Tubular  Vacuolation 


N 


N 


l 

1  -  1 


1 


1 


ADRENAL 

Accessory  Cortical  Tissue 
Congestion 

LIVER 

ESOPHAGUS 

SIOflACH 

Exfoliate'!  Cells 

DUODENUM 

URINARY  BLADDER 


N 


N 


N 


N 


P 


N 


1 


P 


N 


N  N 


N  N  N  N  N  N  N 


N  N 


N  N  N 


N  N  N  N  N 


N 


N 


N 


1 


N  N  N  N  N  N 


N  N 


N  A  N 


N  ((  N  N  N 


N  N 


N  N  N 


N  N  H  N  N 


^58 


S.  \ 
\  *4  \ 


<0  » 


i^v-i n 


i 


\  <■ 


M 

L-jc*.  -W 


*».*  v4  •  *  k  * 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUNBEI  LQ6139 
PHASE  III,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  id:  221-009  GROUP:  26  (CO)  SEX!  FEMALE 

PAGE  4  fates:  RECOVERY  SACRIFICE 


ANIIWl  ID.  NO; 

NASAL  TURBINATE  -  LEVEL  1 
lunerahzation 


NASAL  TURBINATE  -  LEVEL  2 


TRACHEA 


PULMONARY  LYMPH  NODE 
Heaorrhage 

Lvaphocytic  Hyperplasia 
Hacr&phwe  Hyperplasia 
Pi^eent 


LUNG 

Atelectasis 

Focal  Lyaphocyte  A^regite 
Alveolar  Macrophages 
Interstitial  lnflaeeation 
Eosinophilic  Infiltrate 


HEAftf 

Fibrosis 


425  426  427  428  429 

M  N  N  N 

1 


N  N  N  M  N 


N  H  N  N  N 


N 

1  2 

2  2  2  2  - 

> 


1 

11112 
12  2  13 

1  1 


HAHN 

1 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/SR  CQhDUST ION  PRODUCTS. 
PROJECT  NUMBER  LQ6U9 
PHASE  III,  STUDY  79-SF 


t  x.T^r^Tsc’ry;'rv-Ta;>T*rr=el 


C* 

O  OL 

r 


Tabulated  Animal  Data 


PROJECT  ID:  221-009 

GROUP!  2b  vCO) 

sex:  female 

days:  all 

RAGE  o 

fates:  recovery  sacrifice 

ANIMAL  ID.  mo: 

425 

426 

427 

423 

429 

m 

OIHER  TISSUES  nND  LESIONS: 

•»AN  IN-  flaci ophage  Hyperplasia 

2 

2 

- 

■> 

J 

L-1-. 

1  ^  t*7  5 

oan  LN-  Lyipno.  Hyperplasia 

4 

3 

- 

2 

2 

Skv 

rtnN  Lt<-  Hesorrnage 

J 

- 

3 

UTERUS-  H/dromr-a 

i 

- 

- 

- 

Tabulated  Animal  Data 


PROJECT  ID:  221-009 
PAGE  1 


GROUP:  23  (Cl) 

FATES:  TERMINAL  SACRIFICE 


SEX:  FEMALE 


DAYS:  m’lL 


ANIMAL  ID.  NO: 


370  371  372  373  374  375  370  377  378  379 


NASAL  TURBINATE  •  LEVEL  1 
Mineralisation 


NNNNNNNNN 


NASAL  TURBINATE  -  LEVEL  2 


N  N 


N  N 


TRACHEA 


A  H 


PULMONARY  LYMPH  NODE 
rteicrrnaoe 

lyiphocytic  Hyperplasia 
Micropi'iiAe  Hyperplasia 
PiAneni 
k'len 


1  1 


LUNG 

Atelectasis 
Alveoi  sr  Nicroph39es 
Interstitial  lr,f lantion 
Eosinophilic  Infiltrate 


2  1 


INHALATION  EXPOSURE  STUDIES 
HUH  RP/BR  CQMUSTIQN  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  Ill,  STUDY  79-SE 


Tabulated  Animal  Data 


PROJECT  ID:  221-009  GROUP:  23  (Cl)  SEX:  FEMALE  DAYS:  ALL 

PAGE  2  FATES:  TERMINAL  SACRIFICE 


ANIMAL  IU.  NO: 

OTHER  I  ISSUES  AND  LESIONS: 

MAN  LN-  lyhpno.  Hyperplasia 
hAN  LN-  Heiorrfme 
UTERUS-  Hydroaetra 
UTERUS-  Congestion 


370  371  372  373 


374  375  376  377  378 


379 


4  2  2 

*>  *»  O 

«•  M  it 


3 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  CONBUSI ION  PRODUCTS 
PROJECI  NUMBER  L06139 
PHASE  III,  STUDY  79-SE 


Tabulated  Animal  Data 


ANIMAL  ID.  NO: 

NASAL  TURBINATE  -  LEVEL  1 
Mineral  nation 


NASAL  TURBINATE  -  LEVEL  2 


TRACHEA 


PULMONARY  LYMPH  NODE 
Hworrhise 

Lyaphocytic  Hyperplasia 
(iacroof  je  Hyperplasia 
hoaent 
EOeaa 


LUNG 

Atelectasis 
Alveolar  nacroprmes 
Interstitial  Infhaaatiori 
Eosinophilic  Infiltrate 


380  361  382  383  384 

N  N  N  N 

1 


N  N  N  N  N 

N  N  N  N  N 

1  1 

1  2  2 

1  -  1 


PROJECT  ID:  221-009 

GROUP:  23  (Cl) 

sex:  female 

1 

DAYS:  ALL  I 

PAGE  3 

fates:  terminal  sacrifice 

i 

! 

1 

1  1 


465 


INHALATION  EXPOSURE  SIUD1ES 
WITH  PP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  106139 
PHASE  Ill,  STUDY  79-SF 


Tabulated  Animal  Data 


PROMT  id:  221-009  GROUP:  23  sex:  FEMALE  HAYS:  ALL 

PAGE  4  fates:  terminal  sacrifice 


ANIMAL  ID.  NO: 

OTHER  TISSUES  AND  LESIONS: 

MAN  LN-  Lyipho.  Hyperplasia 
KAN  LN-  Heaorriny 
IHYMUS-  Hemorrhage 
UTERUS-  Hy.jroMtr  j 


380  381  382  383  384 


x+66 


♦ 


•  «?.'■*! 


SEX:  EEttfiLE 


[IMS:  OIL 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/tt  COMBUSTION  FRODUtTS 
PROJECT  NUMBER  LG6139 
PHASE  III,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  id:  221-009  GROUP:  24  <C2>  SEX;  FErtALE  DAYS:  ALL 

PAGE  2  FATES:  TERMINAL  SACS  IF  ICE 


ANIHAL  ID.  NO: 

QIHER  TISSUES  AMD  LESIONS: 

MAH  LN-  Macrophage  Hyperplasia 
MAN  Lrt~  lyapho.  Hyperplasia 
MAN  LN-  Heiorrhage 


385  386  387  368  389  390  391  392  393  394 


1 

1 

2 


468 


Tabulated  Animal  Data 


PROJECT  ID:  221*009  GROUP:  24  (C2) 

PAGE  3  FATES:  TERMINAL  SACRIFICE 


sex:  female 


DATS:  ALL 


ANIMAL  ID.  NO: 
NASAL  TURBINATE  *  LEVEL  1 


395  396  397  398  399 


NASAL  TURBINATE  •  LEVEL  2 


N  N  N  N  r* 


TRACHEA 


N  N  N  N  N 


PULMONARY  LXHPH  NODE 

lienor  rhage 

Lyaphocytic  Hyperplasia 
Macrophage  Hyperplasia 
Edeaa 


1  1 
1 


LUNG 

Atelectasis 

Focal  Lyaphocyte  Aggregate 
Alveolar  Macrophages 
interstitial  Inflaaaation 
ferainal  Bronchiolar  Eibro. 
Eosinophilic  Infiltrate 


1  1 
1  1 


469 


$ 


INHALATION  EXPOSURE  blULUES 
WITH  RfVBR  COMBUST  ION  PRODUCIS 
PROJECT  NUMBER  L06139 

PHASE  III.  STUDY  79-SE  0 


Tabulated  Animal  Data 


PROJECT  ID:  221-009  GROUP:  24  <C2>  SEx:  FEMALE  DAYS:  ALL 

PAGE  4  TATES:  TERMINAL  SACRIFICE 


ANIMAL  ID.  NO: 

OTHER  TISSUES  AND  LESIONS: 

HAN  LN-  Macrophase  Hyperplasia 
MAH  LN-  Lyapho.  Hyperplasia 
MAN  LN-  Heaorrha$e 
UTERUS-  Hydroaetra 


395  396  397  390  399 


1 

3  -  3 

2  -  3 


& 


\ 


P 

V*1 

s.‘ 


U 


\ 

l' 


4t 


A70 


V  iT  n-VAV»V'WP<' 


INHALATION  EXPOSURE  bWSiES 
WITH  iP/BR  COhfcUST ION  PRODUCTS 
PROJECT  HllHPER  LG6139 
PHASE  II Ir  STUDY  -9-SF 


T  3t> u  l  ated  A n  i  in  a  1  D  a  t,  a 


PROJECT  ID;  221-OW  GROUP;  27  <C2>  sex:  female 

PAGE  1  FhIES:  RECOVERY  SACRIFICE. SPONTANEOUS  DEATH 


DAYS:  ALL 


ANIMAL  ID.  NO: 


NASAL  M&lNATE  *  LEVEL  1 


NASAL  TURBINATE  -  LEVEL  2 


TRACHEA 


PULnONAKY  lymph  node 
heiorrhige 

L.ipnocytic  Hyperplasia 
Miuop.nj*  hyperplasia 
i 

Eileii 


130  431  422  433  434  435  A3G  -'37  438  439 

NNNNNNNNNN 


1  3 


N  N 


N  N 


MS  V'' 


to 


LUfCj 

Hls.SCt,  jilt 

titfiOf  r  n  *je 

Ai.eolai  rticroi»i'3^i 
j'lrfiUtni  Infhtmiori 
lef ilMal  DturiCiHulli  tibro. 
Eosinophilic  Infiltrate 
Congestion 


1  1 


Spontaneous  Death 


^71 


tabulated  Animal  Data 


PROJECT  ID!  221-00?  GROUP  I  27  (C2)  SEX:  EEJWLE 

PAGE  2  PATES:  RECOVERY  SACK IE  ICE, SPONTANEOUS  DEATH 


DATS:  ALL 


ANlHAL  ID.  HO: 

other  tissues  and  lesions: 

nan  LN-  imopna$e  Hyperplasia 
rtAH  Lit"  Lyapno.  Hyperplasu 
*AN  IN-  Hewrtnaoe 
TH;HUS-  Hsaorrlvaj* 

SPLEEN-  Cohwtion 
L  tOER-  Comestjori 


430  431  432  4  3  3  434  435  Lit.  437  433  43? 


L  *'  h/ 

*  u  » |  i 

«.*V\ 
,  avv 


*  Spontaneous  Death 


.V.T. 1 

?Wt 


**  M  ' 

V'V’ 

SY'*' 


C-tvNCi 


INHALATION  EXPOSIM  'ofUIMES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  HUMBER  L06139 
PHASE  HI.  STUt'V  ?9*$F 


X'-abul.at«3d  Animal  Data 


PROJECT  IiC  201-009  GROUP:  07  (CO)  SEX!  FEMALE 

PAGE  3  FATES:  RECOVERY  SACRIFICE, SPONTANEOUS  DEATH 


ANIMAL  ID.  NO! 
NASAL  TURBINATE  -  LEVEL  I 


NASAL  TURBINATE  -  LEVEL  0 


TRACHEA 

PuLnuNARr  LifiPH  NODE 
He«ofrh33e 

L.-iphoeytic  Hyperplasia 
rucrophvje  Hyperplasia 
Pj3»pnt 
EdeM 

LUNG 

i-siorrnjge 

Inter  suhal  kill auation 
feuiriii  Fnncniolsr  fiUro. 
CosiriODnihc  Infiltrate 


MAO  M  HO  YA3  m 

«  N  N  N  N 


N  N  N  N  N 


N  N  N  N  N 


i 

i  2  -  -  I 

1 


1  -  -  -  - 

1  -  I  - 

:  l  i  i  i 

l 


-'vWt-v  ^.’V\  -v<  jv*  jwj*  v>  rv>  -'■>>  •xa  "^"j.  r > .- v»  ->  "»*-'.*■  -  k  -w-  vi.  -  .  -  -  -  _  ■ 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/6R  COHBUST ION  PRODUCTS 
PROTECT  HUMBER  IQ6139 
PHASE  III,  STUDY  79-SF 


t&isi 

m 


i  r. 


Tabulated  Animal  Data 


PROJECT  m:  521*009  GROUP:  25  <C3> 

PAGE  1  FATES:  TERM [HAL  SACRIFICE 


SEX:  FEMALE 


days:  au 


«  ■  ar  **  u 


AHIMAl  ID.  HO; 

HASAl  TURBINATE  -  LEVEL  1 
Exuaite 


NASAL  TURBINATE  -  LEVEL  2 


TRACHEA 


PULrtQNARt  KMPH  MODE 
Hetorrfiag* 

Lytphocytic  Hyp<»rpU$i3 
Macrophage  Hyperplasn 
Pigment 


LUNG 

Atelectui? 

AKeohr  Hicropnages 
Interstitial  Infbi»3UOfi 
Terminal  Broftcmolar  Fibto. 
Eosinophihc  Jnf iltr  ate 


400  401  402  403  404  405  406  407  408  409 


N  N 


H4HHNNH«MH 


MNHMHHNHHH 


vOvv. 


1  l 


i'll  *V  I 

*  •  - .  .■ 

ir 

\--vi 

VN>N 

A>Vn 

^v$n 


v 

S-.nV 

;>■>:«: 

V<<*. 

«  '  M 

V-XTV 

k-T- 

I  M  *  k 


hnnmnhhnhn 


hhnhhhhmnh 


<♦75 


$ 


INHALATION  EXPOSURE  STUDIES 
HIIH  PP/BR  COMBUSTION  PRODUCTS 
PROJECT  HUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  ID!  221-009  GROUP:  25  (£3)  SEX:  FEMALE  DAYS:  ALL 

PAGE  2  FATES:  TERMINAL  SACRIFICE 


ANIMAL  ID.  NO: 


400  401  402  403  404  405  400  407 


406  40? 


KIDNEY 

Hyaline  Casts 

Iritrat<jbiil ar  Mineralisation 
Lyiphocytic  Infiltrate 
Cyst 


N  N 


1 


N 

1 

1 


N  N 


P 


N 


ADRENAL 

Accessory  Cortical  Tissue 


N 


N 


♦ 


LIVER 

ESOPHAGUS 


N 


N 


N 


N 


STOMACH  N 

DUODENUM  N 


W 


URINARY  BLADDER 


* 


9 


WITH 


Tabul a 

PROJECT  ID:  221-009  GROUP:  25  (C3) 
m  3  PAXES:  TEMIN.iL  SACRIFICE 

AN INAL  ID.  NO:  400  401 

OTHER  I  ISSUES  AND  LESIONS: 

rlAN  LN-  Lyapfto.  Hyperplasia 
NAN  LN-  Heaorrnaje 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  106139 
PHASE  III,  STUDY  79-SF 


Tabulated  Animal  Data 


w>  .  «)'  u'l  ■  m  v* 

$ 


PROJECT  id:  221-009 
PAGE  4 


GROUP!  25  (C3> 

FATES:  TERMINAL  SACRIFICE 


SEX:  FEMALE 


DAYS:  ALL 


ANIMAL  ID.  NO: 


NASAL  TURBINATE  -  LEVEL  I 


NASAL  TURBINATE  -  LEVEL  2 
Heiorrhase 


TRACHEA 


PULMONARY  LYMPH  NODE 
Heiorrhage 

Lyephocytic  Hyperplasia 
Macrophase  Hyperplasia 
Pijient 
Edeia 


LUNG 

Ateiectasis 

Interstitial  lnflanatian 
Terminal  brcncniolar  Fibro. 
Eosinophilic  Infiltrate 


KIDNEY 

Hyaline  Casts 


410  411  412  413  414 


N  N  N  N  K 


N  N  N 

2  -  2 


N  N  N  N  M 


N  N  N  H  N 


M  N  N 


1  1 


Ld 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/8R  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 

Tabulated  Animal  Data 


PROJECT  ID:  221-009 

ms  s 


GROUP:  2S  (C3) 

FATES:  TERMINAL  SACRIFICE 


SEX:  FEMALE 


DAYS:  ALL 


ANIMAL  ID.  NO: 


410  411  412  413  414 


ADRENAL 


N  N  N  N  N 


N  N  N  N  N 


ESOPHAGUS 


N  N  N  H  N 


StOHACH 

Exfoliated  Cells 


N  M  N  N 


DUODENUM 


N  H  N  H  N 


URINARY  BLADDER 


N  N  N  N  N 


**79 


w* .v xr* \r* w  n  iH'wmvmvmw  %'s 


'  Vi  V:  V  W  VW  V  v\\  w  V  W  V  V  V  V*  V  V  V  ^WX."rV  ‘CTtiniTV* 

'  >■ 

r 

£ 


IKHAIAT IOH  EXPOSURE  STUDIES 
WITH  SP/BB  COMBUST  ION  PRODUCTS 
PROJECT  NUMBER  UI6139 
PHASE  III,  STUDY  79-SF 


Tabu lated  Animal  Data 


PROJECT  id:  221-009 
PACES 


GROUP:  25  (C3) 

FATES:  TERMINAL  SACRIFICE 


SEX:  FEMALE 


ANIMAL  ID.  NO: 
OTHER  TISSUES  AND  LESIONS: 


410  411  412  413  414 


days:  all 


9  l 


% 


* 


JC. 


OP 


s 

I 


v 

,y 

.y 

‘jL 


* 


HAN  IN*  Lyapho.  Hyperplasia 
HAN  IN-  Heaorrhaje 
HAN  SALIVARY  GLAND-  Norail 
THYMUS-  Heacrrhage 
UTERUS-  Hydrowtra 


9 


y 

y 

s 

’{jr 

ii 

3 


o' 

o 

V.’ 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L0G139 
PHASE  III,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  ID:  221-00?  GROUP:  28  <C3) 

PAGE  i  cates:  recovery  sacrifice 


sex:  female 


hays:  all 


animal  id.  no: 


445  44b  447  448  449  450  451  452  4S3  454 


NASAL  TURBINATE  -  LEVEL  1 


N  N  N  N  H  N 


NASAL  TURBINATE  •  LEVEL  2 


NNNNNNNNNN 


TRACHEA 


NNNNNNNNNN 


PULMONARY  LYMPH  NODE 
Heaorrhage 

lyaohocytic  Hyperplasia 
Macrophage  Hyperplasia 
Pigient 
EJeaa 


LUNG 

Atelectasis 

Focal  Lyaphocyte  Aggregate 
Alveolar  Macrophages 
Interstitial  Inflaaaaticn 
Terainal  Bronchioiar  Pibro. 
Eosinophilic  Infiltrate 


1  1 


NNNNNNNNNN 


NNNNNNNNNN 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/DR  COhBUST ION  PRODUCTS 
PROJECT  NUMBER  LOS139 
PHASE  ill,  STUDY  79-SF 


Tabulated  Animal  Data 


PROJECT  ID:  221-009  GROUP:  28  iC3>  SEX:  FEMALE  DATS:  ALL 

PAGE  2  FATES.*  RECOVERY  SACRIFICE 


ANIMAL  ID.  NO:  445  446  447  448  449  450  451  452  453  454 

KIDNEY  N  N  N  N  N 

Hyaline  Casts  -  -  -  1  -  1  1  1  -  1 

Tubular  Hyperplasia  1  -  1  1  1 


SV: 


ADRENAL 

LIVER 

Peritonitis 

ESOPHAGUS 

STOHACH 

DUCDENUfl 

URINARY  BLADDER 


N  N  N  N  N  N  N  N  N  N 

N  N  N  N  N  N  N  N  N 

l . 

NNnNnNNHNh 

NNNNNNHHNN 

NNNNNHNNNH 

NNNNNNNNNH 
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INHALAI iUrt  EXPOSURE  STUDIES 
WITH  RP/DR  COHMJS1ION  PRODUCTS 
PROJECT  NUNDER  L0S139 
PHASE  111,  STUDY  7<KF 


Tabulated  Animal  Data 


PROJECT  id:  221-009  GROUP:  28  (C3) 

PAGE  3  FATES!  RECOVERY  SACRIFICE 


sex:  fehale 


days:  all 


ANIHAL  ID.  no: 


440  447  440  449  450 


452  453  454 


OTHER  TISSUES  AND  LESIONS: 


rtAN  LN-  nacropnage  Hyper  pi  asia 
HAH  LN-  Lympho.  Hyperplasia 
HAN  LN-  Hemorrhage 
IHYNUS-  Hemorrhage 


INHALATION  EXPOSURE  STUDIES  £ 

WITH  KP/Bk  COMBUSTION  PRODUCTS  * 

PROJECT  NUMBER  106139  v 

PHASE  1 U,  STUDY  7S-5F  £ 


— *  — 

- t 

** 

Xabul 

a  te<; 

J  An  x  m a  X  O a  t a 

4  - 

•> 

PROJECT  105  231-009  GROUP; 

28  <C3> 

SEX: 

FEMALE 

pays:  all 

s 

.”S 

PAGE  4  FATES: 

RECOVERY  SACRIFICE 

•  t 

\ 

ANIMAL  IP.  NO! 

455 

456 

457 

458 

459 

v" 

O 

NASAL  TURBINATE  *  LEVEL  1 

N 

N 

H 

N 

N 

s. 

V 

V 

•  _ 

NASAL  IUKBINATE  -  LEVEL  2 

N 

N 

N 

N 

\ 

V 

Heaorrnwe 

w 

1 

“ 

< 

> 

TRACHEA 

N 

N 

N 

N 

N 

> 

PULMONARY  LYMPH  NODE 

\ 

\ 

•*. 

Heaorrhjge 

1 

- 

1 

3 

- 

*  a 
a*. 

L^aphocytic  ^/perpUsia 

i 

- 

1 

* 

! 

PlMBent 

1 

1 

* 

1 

- 

Eden 

M 

- 

- 

- 

- 

■» ) 

V* 

LUNG 

c 

c* 

Atei^r  j'is 

- 

- 

•• 

- 

1 

Heaorrruge 

- 

* 

1 

1 

*v' 

Terminal  Bronoiiolir  Fibro. 

1 

l 

1 

1 

1 

Eosinophilic  infiltrate 

” 

l 

“ 

“ 

“ 

!; 

HEART 

N 

N 

N 

H 

rt 

** 

**, 

trL 

N 

N 

A 

N 

N 

X 

% 

V4 

KIDNEY 

N 

Hyaline  Cists 

1 

- 

1 

- 

I 

Intratubulir  Miner  »1  Hit  ion 

- 

- 

1 

1 

- 
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irtHALAt  ION  EXPOSURE  STUDIES 
WITH  MVM  COMBUSTION  PROMTS 
PROJECT  NUMBER  LOG 139 
PH^SE  III,  STUDY  7?-$f 


[ 


Tabulated  Animal  Data 


PROJECT  ID:  221-009  GROUP!  28  (C3) 

PAGE  s  fates:  recovery  sacrifice 


sex;  female 


DAYS:  ALL 


le 


« 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlation 

Of 

Grose  Sl 

M  ±  C  k'  o 

PROJECT 
PAGE  1 

ID:  221-009 

GROUP: 

FATES: 

22  (CO) 
TERMINAL 

SEX:  FEMALE 
SACRIFICE 

DAYS:  ALL 

ANIMAL  NO:  355  PATHOLOGIST?  WO I 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  356  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


V 

A 

.V 


Jj 

,N 

.V 

.'I 
’  * 
X. 

13 


s: 


A 


J 

f. 

f, 

*■. 


* 


4 


N 


REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


ANIMAL  NO:  357 

ANIMAL  FATE:  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSV  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


RELATED  HISTOPATHOLOGY: 

s 

NOT  APPLICABLE  jj 

H 

- - - -  o 

y 

i  , 

* 

PATHOLOGIST;  WOI  2 

* 

RELATED  HISTOPATHOLOGY:  *! 

» 

NOT  APPLICABLE  a 

►1 


i* 


ANIMAL  NO:  358 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>LUNG:  Several  Dark  Red  Foci  On 
Lungs 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 
LUNG-  Hemorrhage 


'(87 


# 

INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


of 

Gross  & 

Mi  cro 

PROJECT 

ID:  221-009  GROUP: 

22  (CO) 

SEX:  FEMALE 

DAYS:  ALL 

PAGE  2 

FATES: 

TERMINAL 

SACRIFICE 

ANIMAL  NO:  359 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE: 

Mandibular  Lymph  Nodes  ~  Dark  Red 

>LUNG:  Lungs  -  Scattered  1.0  To 
2.0  mm  Raised  Gray  Foci 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 

LUNG-  Interstitial  Inflammation 


« 


# 


ANIMAL  NO:  360 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>LUNG:  Lungs  -  Left  Lobe  0.3/0. 3 
cm  Raised  Gray  Area  Along 
W/ Several  Smaller  Areas 
Scattered  About  0  0. 1/0.1  cm 

>UTERUS:  Uterine  Horns  Distended 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

LUNG-  Interstitial  Inflammation 

UTERUS-  Hydrometra 


* 


♦ 


ANIMAL  NO:  361 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> LUNG :  Several  Pinpoint  Raised 
Gray  Loci 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

LUNG-  Interstitial  Inflammation 


& 


0 


K 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlati on 

of  Gross  Sc  Micro 

PROJECT  ID:  221-009  GROUP;  22  (CO)  SEX:  FEMALE  DAYS:  ALL 

PAGE  3  FATES:  TERMINAL  SACRIFICE 

ANIMAL  NO:  362 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

WO  I 

ANIMAL  NO:  363 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

WOI 

ANIMAL  NO;  364 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES . 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

WOI 

ANIMAL  NO;  365 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

WOI 

■:} 


u 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlation  of  Gross  &  Micro 


PROJECT  ID:  221-009  GROUP:  22  (CO)  SEX:  FEMALE  DAYS:  ALL 

PAGE  4  FATES:  TERMINAL  SACRIFICE 


ANIMAL  NO:  366  PATHOLOGIST:  NOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO :  367 

ANIMAL  FATE:  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALIT' 


PATHOLOGIST:  HOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  368 

ANIMAL  FATE:  TERMIL.  L  £AC  i.FICE 
REFERENCE  TO  NF  Ob-  CORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  HOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  369  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


)NO  OBSERVABLE  ABNORMALITIES 


NOT  APPLICABLE 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


• 

Correlati on 

of  Gross  &  Micro 

• 

PROJECT  IDi  221-009  GROUP:  26  (CO)  SEX:  FEMALE  DAYS:  ALL 

PAGE  1  FATES:  RECOVERY  SACRIFICE 

ANIMAL  NO:  415 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

PATHOLOGIST: 

NO  I 

it) 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

1 

) MANDIBULAR  LYMPH  NODE:  Dark  Red 

MANDIBULAR  LYMPH  N0DE- 
Henorrhage 

\ 

> THYMUS :  Dark  Red 

THYMUS-  Henorrhage 

!c 

>LUNG:  Lungs  -  Mottled  Red 

NO  COROLLARY  CHANGE  DETECTED 

» 

» 

* 

» 

> UTERUS :  Dilated 

NO  COROLLARY  CHANGE  DETECTED 

!• 

* 

i 

ANIMAL  NO:  416 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

PATHOLOGIST! 

WOI 

• 

i 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

(• 

M 

* 

F 

L 

> MANDIBULAR  LYMPH  NODE:  Red 
Mandibular  Lynph  Nodes. 

MANDIBULAR  LYMPH  N0DE- 
Heaorrhage 

i 

l<- 

M 

r» 

i> 

ANIMAL  NO:  417 

ANIMAL  FATU:  RECOVERY  SACRIFICE 

PATHOLOGIST: 

WO  I 

t 

it 

REFERENCE  TO  NECROPSY  RECORD: 

RELATED  HISTOPATHOLOGY: 

u 

h 

1 

s 

A 

■i 

>UTERUS:  Horns  Distended  Contains 
Clear  Fluid 

UTERUS-  Hydrosetra 

|| 
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f-  - 

$$ 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlation  of  Gross  &.  Micro 


GROUP:  26  (CO)  SEX:  FEMALE  DAYS:  ALL 

FATES:  RECOVERY  SACRIFICE 


PROJECT  ID:  221-009 
PAGE  2 

ANIMAL  NO:  418 
ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> THYMUS:  Red  Foci 

> DUODENUM:  Separated  From  Stomach 


PATHOLOGIST:  NO I 

RELATED  HISTGPATHOLOGY: 

NO  COROLLARY  CHANGE  DETECTED 
No  Section 


ANIMAL  NO:  419 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HIST0PATH0L0GY: 

NOT  APPLICABLE 


ANIMAL  NO:  420 

ANIMAT,  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE-  Dark  Red 

> THYMUS-  Mottled  Red 

>LUNG-  Cardiac  Lobe  Of  Lungs  - 
Red  Focus 

> UTERUS-  Horns  Distended  And 
Filled  With  Fluid 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY : 

No  Section 

THYMUS-  Hemorrhage 

NO  COROLLARY  CHANGE  DETECTED 

UTERUS-  Hydrometra 


\  .■V-Y/VOi’V V'-l-7  »  •'’  #*  ' 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlation  of*  Gross  St.  Micro 


PROJECT  ID:  221-009 
PAGE  3 


GROUP j  26  <C0>  SEX:  FEMALE 
FATES  i  RECOVERY  SACRIFICE 


DAYS:  ALL 


ANIMAL  NO:  421 

ANIMAL  FATE:  RECOVERY  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 


> THYMIC  LYMPH  NODE:  Thymic  Lymph 
Nodes  >  Dark  Red. 


> MANDIBULAR  LYMPH  NODE: 
Mandibular  Lymph  Nodes  -  Dark 
Red. 


ANIMAL  NO:  422 

ANIMAL  FATE:  RECOVERY  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 


>NO  OBSERVABLE  ABNORMALITIES. 


ANIMAL  NO:  423 

ANIMAL  FATE:  RECOVERY  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 


> MANDIBULAR  LYMPH  NODE: 
Mandibular  Lymph  Nodes  -  Dark 
Red,  Enlarged 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 


No  Section 


MANDIBULAR  LYMPH  NODE-  Hemorrhage 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 


NOT  APPLICABLE 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 


MANDIBULAR  LYMPH  NODE: 
Hemorrhage;  Lymphocytic 
Hyperplasia 


i 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlat ion 

of* 

Gross  Si 

Micro 

PROJECT 
PAGE  4 

ID:  221-009  GROUP: 

FATES) 

26  (CO) 
RECOVERY 

SEX:  FEMALE 
SACRIFICE 

DAYS:  ALL 

ANIMAL  NO)  424 

ANIMAL  FATE)  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD) 

> MANDIBULAR  LYMPH  NODE)  Dark  Red. 
> THYMUS:  Mottled  Red. 


PATHOLOGIST)  WOI 

RELATED  HISTOPATHOLOGY  s 
MANDIBULAR  LYMPH  NODE-  Hemorrhage 
THYMUS-  Hemorrhage 


ANIMAL  NO :  425 

ANIMAL  FATE)  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD) 

> MANDIBULAR  LYMPH  NODE: 
Mandibular  Lymph  Nodes  Dark  Red 

> UTERUS t  Dilated  And  Filled  With 
Clear  Fluid 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY s 

MANDIBULAR  LYMPH  NODE- 
Hemorrhage 

UTERUS-  Hydroraetra 


ANIMAL  NO:  426 

ANIMAL  FATE)  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> UTERUS:  Uterine  Horns  - 
Distended  Hith  Clear  Fluid. 

> OVARY:  Left,  Small. 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

UTERUS-  Hydrometra 

No  Section 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 
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INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlation  of  Grose  <St  Micro 


PROJECT  ID:  221-009  GROUP:  26  (CO)  SEX:  FEMALE  DAYS:  ALL 

PAGE  5  FATES:  RECOVERY  SACRIFICE 


ANIMAL  NO:  427  PATHOLOGIST:  HOI 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  428 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Red 
Mandibular  Lymph  Nodes. 

> KIDNEY:  Rt.  Kidney  Cut  Jaggedly 

>EYE:  Very  Little  Optic  Nerve 
Tissue  Left  On  Eye. 

>BRAIN:  Cerebrum  Damaged.  Lt. 
Hemisphere. 


ANIMAL  NO:  429 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 


PATHOLOGIST:  HOI 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 

NO  COROLLARY  CHANGE  DETECTED 
NO  COROLLARY  CHANGE  DETECTED 

No  Section 

PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III.  STUDY  79-SF 


Correlation  o : 


Gross  St  Micro 


PROJECT  ID:  221-009 
PAGE  1 


GROUP:  23  (Cl)  SEX:  FEMALE  DAYS:  ALL 

FATES:  TERMINAL  SACRIFICE 


ANIMAL  NO:  370 

ANIMAL  FATE:  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HIST0PATH0L0GY : 

NOT  APPLICABLE 


ANIMAL  NO:  371 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> LUNG :  Dark  Red  Focus  On  Left 
Lobe  Of  Lungs  1  mm 


PATHOLOGIST:  WO I 

RELATED  HIST0PATH0L0GY: 

NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO:  372  PATHOLOGIST:  WO  I 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  H I STO PATHOLOGY: 

>  MANDIBULAR  LYMPH  NODE:  MANDIBULAR  LYMPH  NODE-  Hemorrhage 

Mandibular  Lymph  Nodes  -  Dark 
Red. 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlation  of  Gross  &  Micro 


PROJECT  IDs  221-009  GROUP;  23  (Cl)  SEX:  FEMALE  DAYS;  ALL 

PAGE  2  FATES;  TERMINAL  SACRIFICE 


ANIMAL  NO;  373 

ANIMAL  FATE;  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD; 

> LUNG :  Lungs  -  Left  Lobe  1.0  mm 
Tan  Focus. 

> MANDIBULAR  LYMPH  NODE; 
Mandibular  Lymph  Nodes  -  Dark 
Red. 


PATHOLOGIST;  WOI 

RELATED  HISTOPATHOLOGY : 

NO  COROLLARY  CHANGE  DETECTED 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 


ANIMAL  NO;  374 

ANIMAL  FATE;  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Enlarged 
.Jid  Dark  Red. 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE- 
Lymphocytlc  Hyperplasia; 
Hemorrhage 


ANIMAL  NO:  375 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>LUNG:  Lunge  -  Scattered  0.1  - 
0.2  cm  Grey  Raised  Foci 

>UTERUS:  Uterine  Horns  -  Red 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

LUNG-  Interatitial  Inflammation 

UTERUS-  Congestion 
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DAYS:  ALL 


ANIMAL  NO:  376 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 

>LUNG:  Lungs  -  Pinpoint  Raised 
Tan  Foci 


RELATED  H I STO PATHOLOGY: 

NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO:  377 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HIST0PATH0L0GY: 


>N0  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


ANIMAL  NO:  37B 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY : 


) UTERUS:  Horns  Distended  With 
Clear  Fluid, 


UTERUS-  Hydrometra 


ANIMAL  NO:  379 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD: 


RELATED  HISTOPATHOLOGY: 


>NO  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 
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DAYS:  ALL 

ANIMAL  NO:  380 

ANIMAL  FATE:  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY : 

NOT  APPLICABLE 


ANIMAL  NO:  381  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

P 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


> LUNG :  Diaphragmatic  Lobe  -  LUNG-  Atelectasis 

9  Pinpoint  Dark  Red  Foci 

> UTERUS :  Slightly  Distended  UTERUS-  Hydrometra 

Containing  Clear  Fluid 


ANIMAL  NO:  382  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD: 

>LUNG:  Lungs  -  Scattered  Red 
Pinpoint  Gray  Foci 


RELATED  HISTOPATHOLOGY: 

LUNG-  Interstitial  Inflammation 
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ANIMAL  NO:  383 

ANIMAL  FATE:  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Enlarged 


> THYMUS:  Mottled  Red 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE- 
Lymphocytic  Hyperplasia 

THYMUS-  Hemorrhage 


ANIMAL  NO:  364 

ANIMAL  FATE;  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 
> THYMUS :  Scattered  Dark  Red  Foci 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 
THYMUS-  Hemorrhage 
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of 
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ID:  221-009  GROUP: 

24  <C2> 

SEX:  FEMALE 

DAYS:  ALL 

PAGE  2 

FATES: 

TERMINAL 

SACRIFICE 

ANIMAL  NO:  389  PATHOLOGIST:  WOI 

ANIMAT,  FATE:  TERMINAL  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  390  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


9 


ANIMAL  NO:  391  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  392  PATHOLOGIST:  WOI 

ANIMAL  FA1E:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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ANIMAL  NO:  396  PATHOLOGIST:  W0I 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  397  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> MANDIBULAR  LYMPH  NODE:  MANDIBULAR  LYMPH  NODE-  Hemorrhage 

Mandibular  Lymph  Nodes  -  Dark 
Red. 


ANIMAL  NO:  398  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> UTERUS:  Horns  Distended,  Contain  UTERUS-  Hydrometra 
Clear  Liquid 
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FATES:  TERMINAL 
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ANIMAL  NO:  399 

ANIMAL  FATE:  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 
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GROUP:  27  <C2)  SEX:  FEMALE  DAYS:  ALL 

FATES:  RECOVERY  SACRIFICE, SPONTANEOUS  DEATH 

ANIMAL  NO:  436 

ANIMAL  FATE:  RECOVERY 

SACRIFICE 

PATHOLOGIST : 

HOI 

REFERENCE  TO  NECROPSY 

RECORD: 

RELATED  HISTOPATHOLOGY: 

)NO  OBSERVABLE  ABNORMALITIES. 

NOT  APPLICABLE 

ANIMAL  NO:  437 

ANIMAL  FATE:  RECOVERY 

SACRIFICE 

PATHOLOGIST: 

HOI 

REFERENCE  TO  NECROPSY 

RECORD: 

RELATED  HISTOPATHOLOGY: 

> THYMUS:  Red  Foci 

THYMUS-  Hemorrhage 

ANIMAL  NO:  438 

ANIMAL  FATE:  RECOVERY 

SACRIFICE 

PATHOLOGIST: 

HOI 

REFERENCE  TO  NECROPSY 

RECORD: 

RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES. 

NOT  APPLICABLE 

ANIMAL  NO:  439 

ANIMAL  FATE:  RECOVERY 

SACRIFICE 

PATHOLOGIST: 

HOI 

REFERENCE  TO  NECROPSY 

RECORD: 

RELATED  HISTOPATHOLOGY: 

> MANDIBULAR  LYMPH  NODE: 

Mandibular  Lymph  Nodes  -  Dark 
Red. 

MANDIBULAR  LYMPH  NODE- 

Hemorrhage 
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FATES: 

RECOVERY 

SACRIFICE, SPONTANEOUS  DEATH 

ANIMAL  NO:  440 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE: 

Mandibular  Lymph  Nodes  -  Dark  Red 

> UTERUS:  Dilated 

> THYMUS:  Red  Foci 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 

NO  COROLLARY  CHANGE  DETECTED 
THYMUS-  Hemorrhage 


ANIMAL  NO:  441 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 
> THYMUS:  Mottled  Red 
> RESPIRATORY  LYMPH  NODE:  Enlarged 

>UTERUS:  Uterus  Horns  -  Distended 
Containing  Clear  Fluid 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 

THYMUS-  Hemorrhage 

PULMONARY  LYMPH  NODE- 
Lymphocytic  Hyperplasia 

UTERUS-  Hydrometra 


►  „■ 


& 

5 

6 
i 

Sr 

$ 

•  *  ■*. 


$ 

\' 

.V 

•jv: 


A 


m 

% 

ib 


I 

r\ 

£ 


509 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Correlation  of  Gross  &  Micro 


PROJECT  ID:  221-009  GROUPi  27  <C2>  SEX:  FEMALE  DAYS:  ALL 

PAGE  5  FATES:  RECOVERY  SACRIFICE, SPONTANEOUS  DEATH 


ANIMAL  NO:  442 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 
) THYMUS:  Mottled  Red 


PATHOLOGIST:  W0I 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 
THYMUS-  Hemorrhage 


ANIMAL  NO:  443 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Enlarged 


>UTERUS:  Uterine  Horns  -  Distended 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  N0DE- 
Lymphocytic  Hyperplasia 

UTERUS-  Hydrometra 


ANIMAL  NO:  444 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 


PATHOLOGIST;  WO I 

RELATED  HISTOPATHOLOGY: 

No  Section 
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Cor re lation 

of  Gross  &.  Micro 

PROJECT  ID:  221-009  GROUP:  25  <C3>  SEX:  FEMALE  DAYS:  ALL 

PAGE  1  FATES:  TERMINAL  SACRIFICE 

ANIMAL  NO:  400 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HIST0PATH0LOGY: 

NOT  APPLICABLE 

NO  I 

ANIMAL  NO:  401 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

NO  I 

ANIMAL  NO:  402 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>N0  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

NO  I 

ANIMAL  NO:  403 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

>NO  OBSERVABLE  ABNORMALITIES. 

PATHOLOGIST: 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 

NO  I 

ANIMAL  NO:  404 

ANIMAL  FATE:  TERMINAL  SACRIFICE 


PATHOLOGIST:  WOI 


REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 
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FATES : 

TERMINAL 

SACRIFICE 

ANIMAL  NO<  408  PATHOLOGIST}  WOI 

ANIMAL  FATEt  TERMINAL  SACRIFICE 


REFERENCE  TO  NECROPSY  RECORDS  RELATED  HISTOPATHOLOGY s 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  409  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  410 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  SALIVARY  GLAND: 
Mandibular  Salivary  Glands  - 
Dark  Red. 

> MANDIBULAR  LYMPH  NODE: 
Mandibular  Lymph  Nodes  -  Dark 
Red. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NO  COROLLARY  CHANGE  DETECTED 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 
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ID:  221-009  GROUP: 

FATES : 

25  (C3> 
TERMINAL 

SEX:  FEMALE 
SACRIFICE 

DAYS:  ALL 

ANIMAL  NO:  411  PATHOLOGIST:  WOI 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 


>UTERUS:  Horns  Distended,  Contain  UTERUS-  Hydrometra 
Clear  Liquid 


ANIMAL  NO:  412 

ANIMAL  FATE:  TERMINAL  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES ♦ 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 


ANIMAL  NO:  413 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE;  Enlarged 
And  Dark  Red 

>THYMUS:  Scattered  Dark  Red  Foci 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE- 
Lymphocytic  Hyperplasia; 
Hemorrhage 

THYMUS-  Hemorrhage 
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ID;  221-009 

GROUP: 

FATES: 

25  (C3 ) 
TERMINAL 

SEX:  FEMALE 
SACRIFICE 

DAYS:  ALL 

ANIMAL  NO;  414 

ANIMAL  FATE:  TERMINAL  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD; 

> THYMIC  LYMPH  NODE:  Thymic  Lymph 
Nodes  -  Dark  Red. 


PATHOLOGIST:  WO I 

RELATED  HISTOPATHOLOGY i 
PULMONARY  LYMPH  NODE-  Hemorrhage 


INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR  COMBUSTION  PRODUCTS 
PROJECT  NUMBER  L06139 
PHASE  III,  STUDY  79-SF 


Cor  re 

lat  1  ora 

of 

Gros  st  Sl 

Mi.  cro 

PROJECT 

ID:  221-009 
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SEX:  FEMALE 

DAYS:  ALL 

PAGE  1 

FATES: 

RECOVERY 

SACRIFICE 

ANIMAL  NO:  445  PATHOLOGIST:  WOI 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY : 

>NO  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  446 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>NO  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY; 

NOT  APPLICABLE 


ANIMAL  NO:  447 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 


ANIMAL  NO:  448 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMFH  NODE:  Red  And 
Enlarged  Mandibular  Lymph  Nodes 

> THYMUS:  Red  Foci 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE- 
Hemorrhage;  Lymphocytic 
Hyperplasia 

THYMUS-  Hemorrhage 
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FATES: 

RECOVERY 

SACRIFICE 

ANIMAL  NO:  449 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>LUNG:  Lungs  -  Mottled  Red. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NO  COROLLARY  CHANGE  DETECTED 


ANIMAL  NO:  450  PATHOLOGIST:  WOI 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

> MANDIBULAR  LYMPH  NODE:  MANDIBULAR  LYMPH  NODE-  Hemorrhage 

Mandibular  Lymph  Nodes  -  Dark 
Red. 


ANIMAL  NO:  451 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red. 
> THYMUS:  Mottled  Red 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE-  Hemorrhage 
THYMUS-  Hemorrhage 
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DAYS:  ALL 


ANIMAL  NO:  452 
ANIMAL  FATE:  RECOVERY  SACRIFICE 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD) 


RELATED  HIST0PATH0L0GY s 


>N0  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


ANIMAL  NO:  453 

ANIMAL  FATE:  RECOVERY  SACRIFICE 


PATHOLOGIST:  WO I 


REFERENCE  TO  NECROPSY  RECORD) 


RELATED  HISTOPATHOLOGY : 


>N0  OBSERVABLE  ABNORMALITIES. 


NOT  APPLICABLE 


ANIMAL  NO:  454 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Enlarged 


> THYMUS:  Dark,  Red  Foci 


PATHOLOGIST:  WO I 


RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE- 
Lymphocytic  Hyperplasia 


THYMUS-  Hemorrhage 
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ANIMAL  NO:  455  PATHOLOGIST:  WOI 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>NQ  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  456 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Enlarged 

> THYMUS:  Dark,  Red  Foci 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE- 
Lymphocytic  Hyperplasia 

THYMUS-  Hemorrhage 


ANIMAL  NO:  457 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD: 

> MANDIBULAR  LYMPH  NODE:  Dark  Red 
Enlarged 


PATHOLOGIST:  WOI 


RELATED  HISTOPATHOLOGY: 

MANDIBULAR  LYMPH  NODE- 
Hemorrhage;  Lymphocytic 
Hyperplasia 
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ANIMAL  NO*  458  PATHOLOGIST:  Wul 

ANIMAL  FATE:  RECOVERY  SACRIFICE 

REFERENCE  TO  NECROPSY  RECORD:  RELATED  HISTOPATHOLOGY: 

>N0  OBSERVABLE  ABNORMALITIES.  NOT  APPLICABLE 


ANIMAL  NO:  459 

ANIMAL  FATE:  RECOVERY  SACRIFICE 
REFERENCE  TO  NECROPSY  RECORD: 
>N0  OBSERVABLE  ABNORMALITIES. 


PATHOLOGIST:  WOI 

RELATED  HISTOPATHOLOGY: 

NOT  APPLICABLE 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  III  STUDY  79-SF 
INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR 

COMBUSTION  PRODUCTS  IN  RATS 
PATHOLOGY  REPORT  AMENDMENT  #1 


Submitted  To: 


|  EXPERIMENTAL  PATHOLOGY  LABORATORIES,  INC. 

QUALITY  ASSURANCE 
REPORT  CERTIFICATION 

Client  Name:  1 1 T  Research  Institute 

Client  Study  Number:  L06139  Phase  III  Study  79-SF 

Study  Director:  Dr.  W.O.  Iverson  Pathologist:  Dr.  W.O. Iverson 

Study  Title:  Repeated  Inhalation  Exposure  Studies  With 

RP/BR  Combustion  Products  in  Rats, 

Pathology  Report  Amendment  #1 

Test  Article:  Combustion  Products  of  Red  Phosphorus/Butyl  Rubber 
Species:  Sprague-Dawl ey  Rats 

All  parts  of  the  pathology  phase  of  this  study,  including  the 
final  report,  were  reviewed  by  Experimental  Pathology 
Laboratories  Quality  Assurance  Unit  on  July  20,  1984.  All 

findings  were  reported  to  the  Study  Director  and  Management. 
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IITRI  PROJECT  NUMBER  L06139 
PHASE  III  STUDY  79- SF 
INHALATION  EXPOSURE  STUDIES 
WITH  RP/BR 

COMBUSTION  PRODUCTS  IN  RATS 
PATHOLOGY  REPORT  AMENDMENT  #1 
PATHOLOGY  SUWARY 

Microscopic  examinations  were  performed  on  specially  stained  sections 
of  lung  from  female  Sprague-Dawley  rats.  The  purpose  of  these  examinations 
was  to  confirm  and  grade  the  amount  of  collagen  In  the  terminal  bronchioles 
and  associated  alveoli.  Five  animals  from  each  exposure  group  In  this 
study  were  selected  for  examination.  The  paraffin  blocks  containing  the 
right  lung  lobes  from  the  selected  animals  were  sectioned  and  stained  with 
Masson's  trichrome  stain  to  demonstrate  collagen.  The  slides  were  prepared 
and  examined  by  Experimental  Pathology  Laboratories,  Inc. 

RESULTS 

The  amount  of  stalnable  collagen  present  in  the  alveolar  walls  of  the 
lung  was  graded  subjectively  and  Is  recorded  in  the  Hi stopathology 
Incidence  Tables.  The  treatment  group  number  Is  also  recorded  at  the  top 
of  each  page. 

The  amount  of  collagen  normally  present  In  the  alveolar  septa  was 
recorded  as  "1",  minimal.  Some  of  the  animals  that  had  minimal  to  mild 
amounts  of  thickening  of  the  terminal  bronchiole  and  its  associated  alveoli 
did  have  a  mild  amount  of  collagen,  i.e.,  grade  2,  compared  to  the 
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controls.  This  occurred  In  those  groups  of  animals  treated  with  either 
0.75  or  1.00  mg/L  of  combustion  products  of  RP/BR.  The  amount  of  stainable 
collagen  found  In  the  group  23  animals,  which  had  received  0.40  mg/L  was 
not  dlscernably  different  from  that  of  the  control  animals  (treatment 
groups  number  22  and  26). 

CONCLUSIONS 

The  results  of  this  microscopic  examination  Indicated  that  the  ^ 

thickening  of  the  terminal  bronchiole  and  Its  associated  alvoe'1  is  due  to 
the  formation  of  new  collagen  fibers  in  excess  of  what  would  normally  be 
present.  Fibrosis  does  not  account  for  all  of  the  thickening  seen  In  the 
change  designated  “terminal  bronchlolar  fibrosis".  This  staining 
substantiates  the  Impression  of  terminal  bronchlolar  fibrosis  In  animals 
which  received  either  0.75  or  1.00  mg/L  for  2.25  hours  per  day  for  4 
consecutive  days  for  four  weeks. 
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